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Where a trace of a transition element ion constitutes either E-P-R Spectroscopy is effective on most transition element 
a harmful impurity or a key to a chemical, physical or bio- _ions because the unfilled electronic shell causes the ion to be 
logical phenomenon, quantitative determination by E-P-R paramagnetic. Each ion yields a characteristic E-P-R spec- 
spectroscopy has a number of advantages. The test is fastand trum which identifies its presence and concentration. By 
non-destructive. A typical sample size is 0.1 cc and the further interpreting this spectrum, the scientist can also de- 
method is effective on concentrations as low as 10°° molar. _ termine configuration mixing and magnitudes and symme- 
On a routine basis a quantitative E-P-R test can be made in tries of microscopic electrostatic fields at the paramagnetic 
a few minutes. The-same results by chemical analysis might _ion site. An example is shown below. 
require hours or days of painstaking effort. 


Number ofaseries PARAMAGNETIC IONS IN MICROORGANISMS 


INTERPRETATION: Transition elements form a critical part E-P-R provides rapid analyses for many of the ions of these 


of the diet for most microrganisms. The ability of many of elements as evidenced by the spectrum below. 

these organisms preferentially to concentrate certain of The spectrum is that from a young culture of Ustilago grown 
these elements is well known; however, the monitoring tech- on a medium containing Manganese. The six lines are those 
niques have been the standard time-consuming chemical from Mn?* resulting from isotropic hyperfine coupling of the 
processes. electrons to the Mn®°° (1 = 5/2) nucleus. 
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Large capacity high 
speed GS Sealed Rotor. 


Nominal capacity: 
2,200 ml; 


Operating capacity: 
1,770 ml. 


SERVICE QUALITY 


SERVALL 


DEPENDABILITY 


SUPERSPEED 
REFRIGERATED 


CENTRIFUGE 
16,000 rpm 32,700 xG 


with Dual Automatic Temperature 
and Holding Control... 


.».an exclusive feature for rapidly establishing 
temperatures down to 0°C., and maintaining them, 

+ 1°C., through both operating and non-operating cycles. 
No external pre-cooling of rotors is necessary as 
pre-operation cooling may be carried out quickly within 
the “Servall” instrument itself. 


A versatile sélection of rotors, including the 400-ml Superspeed 
Sealed Rotor, may be interchanged quickly and easily on the 
“Servall”-originated, self-balancing direct drive. No 
cumbersome, complicated drive attachments are 
required in order to obtain the higher speeds. ee sae a ! 


Varying quantities of material up to 2,000 ml may be spun through 
a wide range of speeds that cover all routine and many special 


laboratory-research requirements. For complete details about all the ° Sy 
_ superior features that only “Servall” can offer, | 


WRITE FOR BULLETIN SC-71R. 
The unequalled excellence of ‘'Servall’’ Laboratory Instruments 
resulfs from our original and continuing development of 
design, and a thorough familiarity with 
researchers’ requirements since 1930;: ‘ 


J 


i 


Sole distributors in the United States and Canada 
for LKB Electrophoresis, Chromatography 
and Physical Chemistry Instruments 


DESIGNERS, MANUFACTURERS AND 
_ DISTRIBUTORS OF ““SERVALL" 


orw. al 7 9 c. SPECIALIZED LABORATORY INSTRUMENTS 


NORWALK + CONNECTICUT 


SCIENCE is published weekly by the AAAS, 1515 Massachusetts Ave., NW, Washington 5, D.C. Entered at the Lancaster, Pa., Post Office as second class 
26 JULY 1957 matter under the act of 3 March 1879. Annual subscriptions: $7.50; foreign postage, $1; Canadian postage, 50¢. a 


| N W 
‘Wes 
| 
j 
By. 
| 
2 
Conditions - Temp. Controls Set To 0°C. 
| 
‘Sete 
i 
i 


Paper electrophoresis 
takes 2 important 


Improved low-noise 

paper plus several changes 
in recommended procedure 
increase accuracy and re- 
producibility. Subtler 
changes in the distribution of 
electrophoretic components 
can now be recognized 

with certainty. In addition, 
for serum proteins, analysis 
time has been reduced 

by over five hours through 

a new dyeing technique. 


NEW ANALYTROL 


The Spinco Analytrol 
recording scanner and inte- 
grator, which quantitates 
the paper strips, now uses 
narrow bandpass filters and a 
high-sensitivity servo 
amplifier. This substantially 
improves reproducibility and 
makes the Analytrol a 
general-purpose paper 
scanner, recording colori- 
meter and recording 
densitometer. 


Beckman: 


Spinco announces developments which make the Model R 
Paper Electrophoresis System more useful than ever for such 
analyses as serum proteins, lipoproteins, glycoproteins, amino 
acids, carbohydrates, hemoglobins, proteins in spinal fluid, 
tears, and in other body fluids, enzymes, extracts, 


and a number of other inorganic and organic mixtures. 


PRESENT USERS 

can bring existing Model R 
Systems up-to-date by 
converting earlier - model 
Analytrols and taking advan- 
tage of the new procedure. 


FOR A FLOW CHART 
of the new serum protein 
method and for more informa- 
tion on the new Spinco Model R 
Paper Electrophoresis System 
write to Spinco Division, 
Beckman Instruments, Inc., 
‘Stanford Industrial Park, 
Palo Alto, California, 

Ask for Data File R5. 
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Security 


Few would disagree about the necessity for reform in our security sys- 
tem. The current arrangements present an image of chaos; no fewer than 
seven systems are in existence for civilian employees of the Government 
alone. It was recognition of these and other difficulties that led to the ap- 
pointment of the Commission on Security nearly two years ago. The com- 
mission’s report [abstracted in Science 125, 114 (10 July 1957)] offers some 
valuable recommendations as well as some of doubtful merit. 

Among the more valuable reforms are the recommendations for uniform 
security standards; the right of an employee to subpoena witnesses, to 
appeal rulings, and to confront and cross-examine accusers (unless they 
are Government informers, the disclosure of whose identity would diminish 
their usefulness), and the recognition that there may be a distinction be- 
tween a person who is a security risk and one who is disloyal. 

Some of the other recommendations have had considerable criticism in 
the press. There is some question about the wisdom of setting up a Central 
Security Agency to administer the entire program. Such an agency would 
inevitably acquire a good deal of power and would be difficult to control. 
In addition, the recommendation that it be a criminal offense for anyone 
to publish, knowingly or unknowingly, any material classified as secret or 
top secret is regarded by some as excessive and also as a limitation on the 
freedom df the press. In the latter connection the fear has been expressed 
that the classification of secret might be applied improperly and thus be 
used as an unwarranted means of censorship. 

But there is a more important issue. This is the commission’s proposal 
that security coverage be extended to all Government employees (except 
for those in the Central Intelligence Agency and the National Security 
Agency, who would be subject to more stringent requirements). This pro- 
posal runs counter to the stands taken in the statement by the Board of 
Directors of the AAAS [Science 120, 957 (10 Dec. 1954)] and in the 
Report of the Special Committee on the Federal Loyalty-Security Pro- 
gram of the Association of the Bar of the City of New York (1956) as well 
as in a decision of the Supreme Court last year. The stand taken by all 
these bodies was that the present security system is broader than need be 
and, that, in the words of the bar association, “positions are covered which 
have no relationship to national security” and that “clearance should be 
required for all sensitive positions and for no others.” The AAAS board 
voiced a similar view and said, “No satisfactory justification has yet been 
advanced for screening persons engaged in unclassified research. . . .” The 
board also stressed the importance of taking a positive view of security 
questions and stated that the question should be not “How can we mini- 
mize our losses?” but “How can we maximize our gains?” 

Ordinarily, it would be expected that Congress would consider these 
questions on their merits, hold hearings to permit the expression of dif- 
ferent points of view, and, finally, prepare legislation to put all or part of 
the program into effect. To cast the security net more widely would cer- 
tainly be expensive and would, in the opinion of a good many responsible 
people, do more harm than good to the security program. For Congress to 
act on security without the usual deliberation and without considering the 
whole program would be especially unfortunate. Yet precisely such a hasty 
and fragmentary approach is being advocated by the chairman of the 
commission, Loyd Wright, and by Representative Francis E. Walter. 
Walter has introduced, with Wright’s backing, a “stop-gap” bill to blanket 
all federal employees into the security program at once. We trust that 
Congress will not be stampeded.—G. DuS. 
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MICROSCOPE 


| Zeiss | GF-595 


IN WEST GERMANY 


CARL ZEISS Standard Microscopes are 
the products of nearly a century of experi- 
ence in microscope design and construction. 
The Standard series is offered in a wide 


variety of models to suit every purpose, one 
of which is the versatile MODEL GF-595. 


This model features a special tube and At- 
tachment Camera designed to make photo- 
micrography positive, simple and fast. Its 
accomplishments in bright and dark field, 
phase contrast, micro-projection and photo- 
micrography are renown. 


Mechanically and optically this instrument 
is without peer. The Attachment Camera 
makes standard 35mm film pictures (1x 
1% in.) in black-and-white or natural 
color. A reflex prism, attachment ring and 
focusing eye-piece assure speed and ease of 
accurate operation. 


Get complete details on the CARL ZEISS 
Standard Microscope GF-595 before invest- 


ing in photomicrographic equipment. 


Write for Literature 


CARL ZEISS, INC., 485 Fifth Avenue, New York 17, N. Y. 
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Surface Properties of 


Semiconductors 


Many of our most interesting and use- 
ful phenomena occur at surfaces, and | 
should like to start by emphasizing the 
importance of surfaces. We live, for ex- 
ample, on the surface of a planet. It is 
at a surface that the catalysis of chem- 
ical reactions occurs. It is essentially at 
a surface of a plant that sunlight is con- 
verted into a sugar. In electronics, most 
if not all active circuit elements involve 
nonequilibrium phenomena that occur 
at surfaces. Much of biology is concerned 
with reactions at surfaces. 

If surfaces are so important, what do 
we know about them? What is a surface? 
What properties does a surface have that 
a physicist can measure? Of the various 
states of matter—solid, liquid and gase- 
ous—physicists have long understood 
and explained the behavior of gases and 
are now, thanks to quantum mechanics, 
making considerable progress with sim- 
ple homogeneous solids. Liquids are still 
quite obscure, and surfaces are still more 
so. 

It was Irving Langmuir, a previous 
Nobel laureate, who gave us the first 
model of a surface—namely, clean tung- 
sten in high vacuum—and who further 
explored some of the simple adsorption 
phenomena that take place at such a 
surface (1). The main physical measure- 
ment by which Langmuir could charac- 
terize his surface was the electronic work 
function or potential jump at the tung- 
sten surface and the changes in this po- 
tential caused by adsorption of various 
foreign atoms or molecules. He could 


Dr. Brattain is a member of the technical staff 
of Bell Telephone Laboratories, Murray Hill, N.J. 
This article is based on the lecture he gave before 
the Royal Swedish Academy of Sciences on 11 Dec. 
1956 when he was awarded the Nobel prize in 
Physics for 1956, a prize that he shared with John 
Bardeen and William Shockley. It is published here 
with the permission of the Nobel Foundation. Dr. 
Bardeen’s lecture appeared in the 19 July 1957 
issue of Science. 
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also measure heats of evaporation of 
these components. All this points up the 
following essential properties of a sur- 
face: (i) a surface is a boundary across 
which the concentration of one or more 
components changes greatly, and (ii) 
there is a potential jump or energy 
change associated with the surface. In 
the case of a metal, all these phenomena 
take place within a thickness of a few 
angstroms, making such a surface diffi- 
cult to analyze. The behavior of a tung- 
sten surface has for some time been a 
model for the understanding of all sur- 
face phenomena. But when some of the 
dirtier and often more interesting sur- 
faces have been studied, it has been 
found that they have been too remote 
from clean tungsten for the latter to serve 
well in understanding their behavior. 


Surfaces of Semiconductors 


The main point of this story is that 
now, as a result of the progress that has 
been made in the understanding of semi- 


- conductors, we have another model of 


a surface, namely a p-n junction in a 
single crystal of a semiconductor such 
as silicon or germanium, and that this 
model is in a sense at the opposite ex- 
treme from clean tungsten. It can also 
be said that most surfaces lie in between 
these two models, and either model may 
be used for understanding the multitude 
of surface phenomena, whichever is best. 

In particular, one can understand the 
complicated and dirty germanium gas 
surface at least qualitatively in terms of 
the p-n junction model. Let us first con- 
sider our p-n junction model. It occurs 
in one of the simplest, purest, and now 
best understood solids, For example, a 
single crystal of germanium, its atoms 
held together by well-understood cova- 


lent bonds, serves as a medium in which 
electrons and holes can exist in equilib- 
rium. The existence of these components 
depends on the thermal dissociation of 
valence bonds, namely 


(valence bond) = n+ p 


The law governing this reaction is the 
mass action law 


np=K, (1) 


where n and p represent the concentra- 
tion of electrons and holes in equilibrium 
at a given temperature. The constant K 
depends primarily on the absolute tem- 
perature T and the energy E, necessary 
to dissociate a valence bond creating a 
hole-electron pair: 


K ~ exp— (Eg/kT) (2) 


where k is Boltzmann’s constant. The 
proportionality constant in Eq. 2 can be 
approximately derived from fundamen- 
tal physical constants and the density of 
the crystal. The parameter character- 
izing the semiconductor is the energy E, 
necessary to dissociate a hole-electron 
pair. It is approximately 0.75 electron 
volt for germanium and | electron volt 
for silicon, and it ranges in other semi- 
conductors from a few tenths of an elec- 
tron volt to several electron volts. 

The main point here is that, although 
the product of the equilibrium concen- 
trations is always a constant at a given 
temperature, the magnitude of either 
concentration can be varied over ex- 
treme ranges by solution of impurities in 
the semiconductor lattice. Substitutional 
solution of a fifth-column element in the 
lattice of silicon or germanium, as dis- 
cussed by Shockley (2), makes n very 
large and p correspondingly small, the 
product remaining constant. Likewise, 
the solution in the lattice of a third-col- 
umn element makes p large and n small. 


Germanium Crystal 


Consider now a p-n junction in a crys- 
tal of germanium, one side of which is n 
type (n, > p,) and the other side p type 
> n,). At the contact between the 
two regions, we have the situation that 
n, must be greater than n, and, likewise, 
p. greater than p, since 


Ni pi = nope = K. 


Because of this concentration difference, 
electrons will tend to diffuse from 1 to 
2 and holes from 2 to 1. This will charge 
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region 1 positive and region 2 negative 
until an electric potential difference is 
built up just sufficient to make the field 
flow balance the diffusion flow. The crys- 
tal will then be in equilibrium. This po- 
tential is given by 


V = (kT/e) In (n2/m) = 
(kT/e) In (p:/p2) (3) 


Associated with this potential is a space- 
charge double layer at the boundary be- 
tween the two regions. The charge den- 
sity p is related to the potential by Pois- 
son’s equation 

=—4np/e (4) 
where ¢ is the dielectric constant of the 
medium. The extent of this space-charge 
double layer is large compared with that 
in a metal. In germanium, it has a char- 
acteristic length of about 1 x 10-+ centi- 
meter. 

This is our model of a surface, a phase 
boundary across which the concentration 
of the components differs greatly, with 
the associated potential jump at the 
surface and the necessary charge dou- 
ble layer. Its properties can best be stud- 
ied by changing the concentration of the 
components on each side of the surface 
from their equilibrium values. When one 
does this, one finds that the potential dif- 
ference across the surface changes in a 
manner consistent with Eq. 3, and this 
change in potential can be measured. If 
p,’ and n,’ are the nonequilibrium con- 
centrations of holes and electrons on 
sides 1 and 2, then the change in poten- 
tial is given by 


AV = (kT/e) In = 
(kT /e) in (ns’/nz) (5) 


Note that it is the change in concentra- 
tion of the minority carrier on each side 
of the boundary that is the controlling 
factor. Likewise, by changing from the 
equilibrium to the nonequilibrium state, 
one can measure the flow of charge into 
or out of the sample or the correspond- 
ing change in charge at the double layer. 

By a consideration of rate processes 
going on at this interface, one can also 
write down a current-balance equation 
for this surface 


where J, is the saturation current and is 
determined by rates of recombination 
and thermal generation of electrons and 
holes on both sides of the surface. The 
nonequilibrium condition may be ob- 
tained by current across the surface, in 
which case J is this current, or by genera- 
tion of electron-hole pairs in the neigh- 
borhood of the junction—for example, 
by light—in which case I is the rate of 
generation of pairs by light multiplied 
by the electron charge e. If both means 
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are used, then J is the sum of both cur- 
rents. Note that one can eliminate p,’/p, 
from Eqs. 5 and 6, getting the well- 
known rectifier equation. 

We see that the physical properties of 
this surface which can be measured are 
the changes in potential, changes in con- 
centration occurring at the surface, and 
rates of return to equilibrium. These are 
in general the things one can measure 
for any surface. 


Germanium Surface in a 


Gaseous Ambient 


Let us now consider a germanium sur- 
face in a gaseous ambient. By the Kelvin 
method, one can measure a contact po- 
tential difference between the surface 
and a reference electrode. Any change 
in the potential jump at the surface will 
give a corresponding change in the con- 
tact potential. If the equilibrium at the 
surface is upset by shining light on the 
surface, the resulting potential change 
can be measured. This is the surface 
photo effect. 

If the germanium is of the proper 
shape—thin and long—one can also 
measure the photoconductivity and from 
this deduce the change in minority car- 
rier concentration for a given illumina- 
tion. On a large sample of germanium, 
one can measure the lifetime of electrons 
and holes in the body of the germanium 
and then, from the transient behavior 
of the thin sample, the surface rate of 
recombination of holes and electrons. 

As a result of all these studies, one 
finds that there is in general a space- 
charge double layer at the germanium 
surface. It is as if the germanium surface 
was of a given type, p or n, depending 
on the nature of the ambient gas, and 
as if the germanium interior must be in 
equilibrium with its surface. All the 
qualitative phenomena that one would 
find at a p-n junction, if one maintained, 
say, side 1 at a given fixed n-type and 
varied side 2 from p* to n+, are found 
at a germanium gas interface. For ex- 
ample in the case of an n— * junction 
the photo electromotive force is such as 
to make the n side more negative. As one 
changes the p* side from p* to just the 
same degree of n-ness as side 1, the photo 
electromotive force goes to zero, and 
when side 2 is made n* the photo electro- 
motive force changes sign. This electro- 
motive force is largest in magnitude for 
the n— p* case. 

If side 1 had been p-type, similar 
changes would have occurred when side 
2 was varied from p* to n*, but now the 
photo electromotive force is largest for 
the p-—n* case. This is also quite an 
accurate description of the germanium- 
gas surface. Moreover, the magnitude 
and sign of the photo effects at the ex- 
tremes can be predicted if one knows the 


density of holes and electrons, the body 
lifetime, and the surface recombination 
for the sample in question. Furthermore, 
the experimental results agree with 
theory. 

From the afore-mentioned results, one 
would predict that, since the surface of 
a germanium crystal in a gaseous ambi- 
ent may be of a different type from the 
interior, the electric conductivity of the 
surface should be different from that of 
the interior, and, as the surface changes 
in type, this conductivity should change. 
In a thin enough sample, these changes 
can be measured. 

Along with the changes in surface 
type, there must also be a change in the 
charge double layer. One can of course 
induce such a change in the charge 
double layer by applying an electric 
field perpendicular to the surface, and 
one can measure the change in con- 
ductivity induced by this field. This is 
the field effect which was predicted by 
Shockley but which at first could not 
be detected. 

As a result of measurements of this 
change of conductivity with field ‘and 
of the other changes at the surface with 
change in gaseous ambient, it is found 
that there are slow and fast changes at 
the surface. For example, if one illumi- 
nates the surface of germanium sud- 
denly, the contact potential changes 
quickly to a new value, then slowly de- 
cays back toward the original value. The 
surface conductivity changes likewise, 
when one suddenly applies the field. 
There are, of course, changes in the 
charge double layer at the surface cor- 
responding to the change in surface 
photo effect and surface conductivity. 

From these results, one gets the con- 
cept of slow and fast states at the surface 
wherein this charge resides. The fast 
states are, so to speak, in good connec- 
tion with the germanium body and can 
get into equilibrium or steady state with 
the body very quickly, in a microsecond 
or less. On the other hand, the slow 
states are poorly connected with the in- 
terior. It takes seconds or minutes for 
them to adjust to changes induced by 
light or field. These may not even be 
states at all but changes in adsorption 
equilibrium or steady state with the sur- 
rounding gas. 


Potential Difference across Surface 


The next step is that, from our knowl- 
edge of the properties of germanium, we 
can calculate, from the changes in con- 
ductivity, the potential difference across 
the space layer from the surface into the 
interior. We can also calculate the change 
in charge in the space-charge layer. As 
one changes the germanium surface from 
p* to nt, the conductivity should go 
through a minimum. If, in an experi- 
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ment, one can find this minimum, one 
knows the potential difference across the 
space-charge layer and, from the change 
in conductivity from this minimum, one 
knows the change in this potential. 
Further, from the field-effect experi- 
ment, one can determine the total 
change in charge at the surface, and, 
from the change in conductivity, how 
much of this change in charge occurred 
in the space-charge layer. 

The charge across the surface must of 
course add up to zero when there is no 
field at the surface. If =,, =, and =, are 
the charges in the space-charge barrier 
layer, the fast states, and the slow states, 
respectively, then 


In the case of an applied field, the sum 
of these charges must be equal to the 
field-induced charge. By calculating =, 
and measuring changes in total charge 
under slow and fast conditions, one can 
obtain values for both 2, and =,. One 
can also determine the potential change 
across the space-charge layer and the 
total change in potential across the sur- 
face. For this type of surface, one has 
the chance of taking the surface apart 
and measuring the individual parts in 
some detail. What remains to be done is 
to determine at the same time the chem- 
ical changes that occur at this surface 
and to understand the relationship be- 
tween the physical chemical 
changes. When this has been accom- 
plished—and I think it will be soon— 
the germanium surface will be the most 
thoroughly understood of all surfaces. 

As an example of what already has 
been accomplished if one measures on 
the same surface at the same time cer- 
tain quantities as a function of gas am- 
bient, one can deduce the distribution 
in energy and capture cross-sections of 
the fast states or traps for electrons and 
holes. These quantities are the photo- 
conductivity, the decay lifetime, the 
change of conductivity with field, and 
the surface photo effect. From these 
measurements and a knowledge of the 
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body properties of the germanium sam- 
ple, one can then deduce (i) the change 
of charge in the fast states with respect 
to the surface space-charge layer poten- 
tial difference at zero added carrier con- 
centration, (ii) the change of charge in 
the fast states with added carrier con- 
centration at constant surface potential, 
and (iii) the surface recombination, all 
as a function of ambient gas or surface 
potential. These quantities all depend 
on the fast trap distribution in energy 
and on the surface potential. The second 
depends also on the ratio of the capture 
cross-section for holes and electrons, and 
the third depends as well on the product 
of the capture cross-sections. The rela- 
tionships are integral equations and not 
easy to solve in general. One question is 
whether the trap distribution is discrete 
or continuous. An examination of all the 
pertinent data indicates that, at least 
for energies near the middle of the region 
between the valence and conduction 
bands, the distribution of traps in energy 
is continuous and is fixed and independ- 
ent of gaseous ambient or germanium 
type for a given surface treatment. One 
can calculate approximately the ratio of 
the cross-sections, obtaining 6,/6,, = 150 
and the product 6, x6, = 2.4 x 
cm‘, giving 6,=6x10-5 cm?, 6,= 
4x 10-17 cm?. Not only are these values 
reasonable, but they suggest that the fast 
trap is acceptorlike—that is, that it is 
negatively charged when it is occupied 
by an electron and neutral when it is 
empty. The attraction between the hole 
and the negatively charged trap thus ex- 
plains the larger cross-section for hole 
capture. 


Conclusion 


In conclusion, one can say that the 
physical nature of the germanium sur- 
face in a gas depends primarily on the 
surface treatment and the nature of the 
gas, and not on the type, p or n, of the 
body material. The reaction of the sur- 
face with the gaseous ambient, in par- 


ticular the Bardeen-Brattain cycle of 
oxygen and water vapor, is an example 
of a low-grade catalytic reaction. The 
understanding of such a simple surface 
will ultimately contribute to understand- 
ing of other surface phenomena, espe- 
cially catalysis. It was the original at- 
tempt to understand surface phenomena 
of this nature that led to the discovery 
of the transistor effect. Since then many 
people have contributed to the present 
understanding. Some of these are J. Bar- 
deen and his group at the University of 
Illinois, H. K. Henisch and his group at 
the University of Reading, R. H. Kings- 
ton and his coworkers at Lincoln Labora- 
tory, P. Aigrain and C. Dugas at the 
Ecole Normale in Paris, A. Many and his 
group at the Hebrew University, Israel, 
and my colleague C. G. B. Garrett. 
Equally important is the work of W. 
Brown on the field effect and, while not 
specifically dealt with here, his earlier 
work on channel conduction along with 
the similar work of H. Statz and his 
group at Raytheon. 


References and Notes 


1. I got my start working under J. A. Becker, who 
was one of the early contributors and who is 
still actively working in the field of metal sur- 
faces. Let me say also that, while I am very 
proud to be one of the recipients of the Nobel 
award in physics, I am nevertheless well aware 
that I am only a representative of many others, 
without whose work and effort I would not 
have received the prize. May I mention first 
my teachers and in particular the late Prof. 
Benjamin H. Brown at Whitman College, who 
originally inspired me to take up physics and 
who also taught my mother and father. Then 
there are all the many workers in the field of 
semiconductors on whose shoulders we have 
stood. Finally, and more closely connected with 
our work, are all of our colleagues at Bell Tele- 
phone Laboratories whose efforts and coopera- 
tion made our work possible. In particular here 
I would like to mention R. S. Ohl, J. H. Scaff, 
and H. C. Theuerer, whose pioneering work 
on silicon made a new class of semiconductors 
available to physicists. It was Scaff and Theu- 
erer who, as metallurgists, supplied the silicon 
and germanium with which we worked, and it 
was Ohl who first discovered a p-n junction in 
a melt of silicon prepared for him by the other 
two. One should indeed be very humble about 
accepting such an award when he thinks how 
fortunate he was to be in the right environment 
at the right time, to take advantage of all that 
had been done before. Let me here express my 
gratitude to all these people. 

2. W. Shockley, Nobel lecture, 11 Dec. 1956. 
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Federal Support of Research 


in the Life Sciences 


William V. Consolazio and Helen L. Jeffrey 


In a recent article in Science (1), 
summary data were presented on the 
nature and the size of federal grant and 
contract activities in the life sciences 
for 1952 and 1954. The National Sci- 
ence Foundation has now published a 
study for fiscal year 1955 (2). 

Summary data are here presented (3) 
for the three years’ studies in order to 
point out the trends which have devel- 
oped in this component of the federal 
research program during the period for 
which information is available. 


Total Federal Support to Science 


In fiscal year 1955, the federal re- 
search and development program to- 
taled $2291 million (4). Of this, $206 
million, or 9 percent, represented the 
life-sciences component; $82.5 million 
(Table 1) or 4 percent of the total re- 
search and development program, or 40 
percent of the total life-sciences com- 
ponent, was earmarked for grant and 
contract activities. The $82.5 million 
represents a growth of 28 percent over 
the $64.5 million of fiscal year 1954 and 
of 77 percent over the $46.6 million of 
calendar year 1952. The number of 
projects grew from 6400 in calendar 
year 1952 to 8100 in fiscai year 1954, 
and to 9500 in fiscal year 1955. Two 
thousand grants and contracts were ter- 
minated between the fiscal years 1954 
and 1955, totaling $14.6 million; 3300 
were activated, totaling $32.0 million. 
This change does not necessarily reflect 
a true turnover. Agencies of the Federal 
Government which have grant authority 
award grants for varying periods of 
time, up to 5 years. At the termination 
of the grant period, the project under 
way may be reconsidered for continued 
support. 


Mr. Consolazio is program director, and Dr. 
Jeffrey is professional assistant, Program for 
Molecular Biology, Division of Biological and 
Medical Sciences, National Science, Foundation. 
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Distribution by Agency 


The data for the distribution of fed- 
eral contract and grant funds in the life 
sciences, by agency, for the years 1952, 
1954, and 1955 are reported in Fig. 1. 
Agencies such as the Office of Naval 
Research and the Army research groups 


AGENCY 


10 
\ 


USDA 


AEC 


have shown little growth for the years 
reported. All others have shown a fairly 
substantial percentage increase, espe- 
cially. between 1954 and 1955. In terms 
of relative growth, the National Science 
Foundation showed the greatest increase 
for the years reported, practically dou- 
bling its support each succeeding year. 
The agencies that show the greatest 
absolute growth for the last 2 years re- 
ported are the Department of Agricul- 
ture ($4 million) and the National In- 
stitutes of Health of the Department of 
Health, Education, and Welfare ($8 mil- 
lion). The total increase for all federal 
agencies for this period was $18 million; 
$12 million, or 66 percent, of this total 
increase was attributable to the activi- 
ties of these two agencies. 

Support to the life sciences in 1955 
came, to a large degree, from the “spe- 
cial mission’’-oriented agencies of the 
Federal Government. Support by the 
defense-oriented agencies (Atomic En- 
ergy Commission, Army, Navy, and Air 
Force) increased from $20.7 million, in 
fiscal year 1954, to $24.1 million, in 
fiscal year 1955; that by the agriculture- 
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Fig. 1. Annual rate of support in millions of dollars, by agencies, for federal grants and 
contracts for unclassified research in the life sciences for 1952, 1954, and 1955. 
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Table 1. Number and annual rate of fed- 
eral grants and contracts for unclassified 
research in the life sciences by years. 


Annual 
od No. of rate 
Perio projects (thousands 
of dollars) 
Calendar 1952 6400 46,628.0 
Fiscal 1954 8144 64,532.9 
Fiscal 1955 9496 82,544.0 


oriented agencies (Department of Agri- 
culture and Tennessee Valley Author- 
ity) increased from $10.8 million to 
$14.9 million; and that by the health- 
oriented agencies (Department of 
Health, Education and Welfare and 
Veterans Administration) increased 
from $31.2 to $39.5 million. The abso- 
lute dollar increase for these “special 
mission”-oriented agencies between the 


Table 2. Distribution, by broad classification, of support for federal grants and contracts 
for unclassified research in the life sciences for 1952, 1954, and 1955. 


Calendar 1952 Fiscal 1954 Fiscal 1955 
, Per- Per- Per- 
age of € as 28° € ag 28° of 
ousands (thousands (thousands total 


of dollars ) 


of dollars ) funds of dollars) funds 


Basic biological science 18,356.0 
Applied medical science 16,117.0 
Applied agricultural science 7,646.0 
General support of science 4,509.0 
Total 46,628.0 


39.4 26,291.8 40.7 30,3306 36.7 
34.6 23,721.5 36.7 25,081.7 30.4 
16.4... ‘326.5 126). 15440.1° 13.9 
9.7, 6,893.2 9.9. .15,691.6 19.0% 
100.1 64,532.9 99.9 82,544.0 


100.0 


” 


* Includes $6.5 million for “Training, 


BASIC 


most of which was in health sciences. 


Molecular 
Biology 


Regulatory 
Biology 


Structural 
Biology 


Genetic 
Biology 


Developmental 
Biology 


Environmental 
Biology 


Systematic 
Biology 


Plant 
Management 


Animal 
Management 


Soil 
Management 


Technology 


Methodology 


Equipment 
Design 


Training 


Scientific 
Information 


Facilities 


Fig. 2. Annual rate of support in millions of dollars, by category, for federal grants and 
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fiscal years 1954 and 1955 was $16.6 
million out of the total increase of $18.0 
million. 


Distribution by Category 


The data for the distribution of fed- 
eral grant and contract funds in the 
life sciences, by category (1), are pre- 
sented in Fig. 2. Ail categories with the 
exception of “Methodology,” “Regula- 
tory biology,” “Therapy,” and “Com- 
munity health” show a_ progressive 
increase since 1952. The fall-off in 
“Methodology” in 1954 may represent 
an artifact, reflecting a redefinition for 
this category in that year. The decrease 
in funds available to “Regulatory biol- 
ogy” and “Therapy” between 1954 and 
1955 primarily reflects a reduction in 
programing in these categories by the 
National Institutes of Health. 

The sizable increase for “Training” 
which appeared between 1954 and 1955 
actually occurred in 1954, although con- 
siderable growth had already occurred 
prior to that time but was not reported 
(2). The majority of the funds in this 
category came from the National Insti- 
tutes of Health. 


Summary 


Federal support of contract and grant 
research in the life sciences continued 
to grow during the period 1952-55 and 
showed an increase of 28 percent be- 
tween the years 1954 and 1955. The 
basic biological science component 
(Table 2) increased from $18 to $26 
million between 1952 and 1954 and to 
$30 million in 1955. Although a greater 
dollar amount is now available for basic 
research in the life sciences, the amount 
available in 1955 was proportionately 
a smaller part of the total than was 
the amount available in 1954. In 1955, 
$52 million was expended for activities 
which were not categorized as basic 
research. The needs and motivations of 
the major granting federal agencies are, 
and continue to be, primarily problem- 
and program-oriented. 
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In 1949, the coveted Bocher prize for 
outstanding achievement in mathematics 
was awarded to Albert Charles Schaeffer 
and Donald C. Spencer. I happened to 
visit Schaeffer the day after he received 
the good news. His intense pleasure and 
complete surprise at being thus recog- 
nized showed the modesty with which 
he looked on his own achievements. On 
2 February 1957, by the sudden death of 
Albert Schaeffer, American mathematics 
lost one of its most original minds and 
one of its most interested and interesting 
contributors. 

Schaeffer's marks of distinction were 
his tenacity and his overwhelming desire 
to throw all his intense energy into solv- 
ing stubborn mathematical problems. 
Where others turned aside and were con- 
tent to seek closer goals, he continued, 
overcoming obstacles with originality 
and technical brilliance and always 
emerging with a contribution worthy of 
his extremely high standards. He wanted 
none of the credit for arriving at insig- 
nificant mathematical formulas; rather, 
his expert attention was all directed 
toward hard analysis, and it was here 
that he attained his reputation. 

Schaeffer did not discover his interest 
in mathematics until he was a practicing 
engineer with the State Highway Com- 
mission of Wisconsin. He held a degree 
in civil engineering from the University 
of Wisconsin and had married the for- 
mer Carol Marsh of Boston, In 1933, 
after he found that even the smallest 
mathematical problem that arose in con- 
nection with his work was of compelling 
interest to him, he resigned his position 
with the State Highway Commission and 
entered the graduate school of Massa- 
chusetts Institute of Technology, in the 


At, Schaeffer, 
Mathematician 


field of applied mathematics. Encour- 
aged by his loyal wife, he went on to 
receive the Ph.D. degree, in 1936. He 
never returned to engineering, although 
his interest in its problems was always 
evident. 

The beginning of Schaeffer’s active 
and productive career as teacher and 
scholar showed again his drive and ten- 
acity. Teaching positions were scarce in 
1936, but he did not sit back and wait 
for offers, Instead, he drove from college 
to college, diploma in hand, asking about 
possible openings. His first opportunity 
came with the offer of a position as in- 
structor at Purdue University, Later he 
moved to Stanford, then back to Purdue, 
where he remained until 1950, except for 
one semester spent as visiting professor 
at Carnegie Institute of Technology. 

In 1950 the Schaeffers returned to 
their alma mater, the University of Wis- 
consin. Schaeffer was now recognized as 
one of the truly forceful mathematicians 
of the country. At Wisconsin he con- 
tinued his vigorous research in pure 
mathematics and, at the time of his 
death, was serving as chairman of the 
mathematics department. 

Schaeffer’s research interests lay in the 
area of analysis—polynomials, schlicht 
functions, entire functions, and analytic 
number theory mark the general subdi- 
visions into which his many research 
papers fall. He enjoyed working with 
others, and it was a pleasure and a privi- 
lege to collaborate with him. I had the 
honor of associating with him on the 
production of many early papers. His 
other most frequent collaborator was 
Spencer, with whom he completed the 
major attack on the coefficient problem 
for schlicht functions which won the 


wry 


Bocher prize and which was published 
as a colloquium volume by the Amer- 
ican Mathematical Society in 1950. 

Schaeffer’s work in mathematics had 
many facets. He was an active member 
of the Mathematical Association of 
America and of the American Mathe- 
matical Society and served a term as 
associate secretary of the latter. During 
World War II he was active on several 
research panels and later was director 
of the Office of Naval Research Mathe- 
matics Project at Stanford, working in 
close association with George Polya, 
Gabor Szeg6, Spencer, and others. More 
recently he had served as editor of the 
Proceedings of the American Mathe- 
matical Society and of the Duke Journal 
and as a consultant on various national 
panels and committees. 

The students who came under Schaef- 
fer’s influence will never forget his in- 
tense interest in his subject and in teach- 
ing, his capacity for hammering together, 
before their eyes, the precise, compli- 
cated structure he wished to present. 
Those who worked more closely with 
him on research will always recall with 
admiration his utter disregard of stum- 
bling blocks in the way of mathematical 
progress, his ability to advance rapidly 
along any line of investigation he under- 
took. And those of us who appreciated 
him most and loved him best will con- 
tinue to be influenced by the memory 
of those traits of character which made 
him unique—his boundless enthusiasm 
for living and for making friends, his 
frank and outspoken criticism of any- 
thing he believed to be unjust, his loy- 
alty to his colleagues, and the extreme 
simplicity of his nature. To him, the 
poetry expressed by the motion of a base- 
ball player was as exquisite as any sym- 
phonic movement. He was without de- 
ceit and was completely lacking in pre- 
tentiousness. 

Science could use many Al Schaeffers; 
his influence will be felt throughout the 
lifetime of those who were privileged to 
know him, and his work will point the 
way to much future mathematical prog- 
ress, 

R. J. Durrin 
Carnegie Institute of Technology, 
Pittsburgh, Pennsylvania 
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News of Science 


Element 102 


A joint research effort by scientists 
from the United States, Great Britain, 
and Sweden has led to the discovery of 
element 102. The international research 
team included investigators from the 
chemistry division of the U.S. Atomic 
Energy Commission’s Argonne National 
Laboratory at Lemont, IIl., the chemistry 
division of the United Kingdom’s Atomic 
Energy Research Establishment at Har- 
well, and the Nobel Institute for Physics 
in Stockholm, Sweden. 

The new element was produced by 
bombarding curium, which is element 96, 
with carbon ions accelerated in the cy- 
clotron at the Nobel Institute. The sci- 
entists who took part in the experiment, 
the first to lead to the discovery of an 
artificially created element by an inter- 
national research team, are as follows: 

From Argonne, Paul R. Fields, a 
group: leader in’ the chemistry division, 
and Arnold M. Friedman, who is work- 
ing at Harwell for 1 year under an ex- 
change of U.S. and British nuclear sci- 
entists; 

From Harwell, John Milsted, a chem- 
ist who last year conducted research at 
Argonne under the U.S.-U.K. exchange 
program and helped separate the curium 
used in the bombardments; and Alan 
Beadle, a chemist; 

From the Nobel Institute for Physics, 
Hugo Atterling, physicist; Wilhelm For- 
sling and Lennart Holm, chemists; and 
Bjorne Astrom, physicist. 

The United States, through the Ar- 
gonne National Laboratory, provided the 
very rare isotopes of curium used in the 
experiments. The curium was shipped to 
Harwell, where Friedman, Milsted, and 
Beadle prepared the targets for the ex- 
periments. Harwell provided a rare iso- 
tope of carbon, carbon-13, which was 
used as the bombarding particle. The 
Nobel Institute provided the cyclotron, 
some special equipment, and a staff of 
physicists, chemists, and technicians. The 
cooperation with Nobel Institute was 
started because the cyclotron at the in- 
stitute could provide the intense source 
of high-energy carbon-13 ions that were 
necessary for the experiment. 

The three-nation group began experi- 
ments in the cyclotron in March. First 
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indications that the new element had 
been discovered were found a few days 
later. The group performed another series 
of experiments in April which confirmed 
the original findings. Similar experiments 
have just been concluded confirming 
again the original discovery. This isotope 
of element 102, thought to have an 
atomic mass number of 253, is very un- 
stable, having a half-life of 10 to 12 min- 
utes and emitting alpha particles. 


Lysenko in Favor? 


Trofim D. Lysenko, controversial So- 
viet geneticist, is apparently again to 


‘hold a significant place in Soviet science. 


This is indicated by the fact that on 17 
July an extensive interview with Lysenko 
was given a prominent position in 
Pravda, leading newspaper in the 
U.S.S.R. The report indicated that Ly- 
senko had ‘been asked by the current 
regime to aid his country’s program to 
increase per capita production of meat, 
milk, and butter. In the Pravda inter- 
view, which dealt particularly with milk 
production, Lysenko again put forward 
his now almost historic anti-Mendelian 
thesis that acquired characteristics can 
be inherited. 

After pointing out that large calves are 
a serious problem to the dairy industry, 
he presented his solution. Cows of high 
milk productivity should be bred to bulls 
of a smaller strain such as Jerseys, that 
are noted for providing high butter-fat 
content. By feeding an especially en- 
riched diet during gestation, he claimed 
that it would be possible to produce calves 
which would grow to a smaller size when 
mature, but which would give an in- 
creased quantity of milk. Lysenko main- 
tained that these desirable characteristics 
would be inherited. 

During the Stalin era, Lysenko was a 
dominant figure. He became head of the 
Academy of Agricultural Sciences in 
1938, a post from which he was forced to 
resign in 1956. After Stalin’s death many 
of Lysenko’s scientific opponents regained 
their positions. Some of them openly 
criticized him, and several Soviet jour- 
nals carried articles disputing his theories 
of stimulating changes in plant life that 
then would become hereditary. 


Universities in Turkey 
and Vietnam 


Two new universities are to be set up 
shortly in Turkey and Vietnam. Ataturk 
University, to be established at Erzerum 
in the eastern part of Turkey, will be the 
country’s fifth university. It will special- 
ize chiefly in the teaching of the agri- 
cultural sciences, but will also have facul- 
ties of law, economics, and medicine. 

In Vietnam, the country’s ancient cap- 
ital, Hue, has been chosen as the site of 
the new university, which will open at 
the beginning of the next academic year. 
Courses will include philosophy, modern 
languages, law, pedagogy, physics, chem- 
istry, and biology. 


Shark Fossil 


The Chicago Museum of Natural His- 
tory has announced discovery of a fossil 
shark that is 250 million years old. The 
museum reports that the fossil was found 
in shale formations in Parke County, 
Ind., several weeks ago by Rainer Zangerl 
and Eugene S. Richardson, Jr. 

This is believed to be the first well- 
preserved shark fossil ever found from 
the Carboniferous period. The remains 
of the shark measure 84 feet in length, 
and it is estimated that they would have 
been about 15 feet long had they been 
complete. Because sharks have carti- 
lagenous skeletons, they are rarely pre- 
served as fossils. 


News Briefs 


The Effects of Nuclear Weapons, a 
579-page handbook that provides latest 
knowledge of weapons effects, has been 
published by the U.S. Atomic Energy 
Commission. It is on sale for $2 a copy 
by the Superintendent of Documents, 
U.S. Government Printing Office, Wash- 
ington 25, D.C. 


* * * 


Electronic Associates, Inc., Long 
Branch, N.J., has announced the opening 
of its European Computation Center in 
Brussels, Belgium. This center is one of 
the first commercial facilities of its kind 
to be placed at the service of European 
industry and technological research. 

* 


Two century-old firms, W. R. Grace 
and Company of New York and Pe- 
chiney, French chemical and metallurgi- 
cal concern, have announced the forma- 
tion of a new company in the United 
States to produce high-purity elemental 
silicon and other semiconductors. Loca- 
tion of the plant has not yet been made 
public, but it is expected to be in opera- 
tion within a year. 
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Singer Acquitted 


The U.S. Court of Appeals has re- 
versed itself and ordered acquittal of 
Marcus Singer, professor of zoology at 
Cornell University who had been con- 
victed of contempt of Congress. In 1953 
Singer told the House Committee on Un- 
American Activities that he had once 
been a Communist, but he refused to 
name others with whom he had been as- 
sociated ‘in Communist activities. He 
was indicted in 1954 and since that time 
has been suspended from teaching duties, 
although receiving full salary. 

He has continued his research in the 
fields of growth and regeneration, work 
supported in part by the American Can- 
cer Society. After the court decision was 
announced, Provost Sanford S. Atwood 
of Cornell told the press that the legal 
proceedings had “produced no evidence 
of Prof. Singer’s unfitness to teach and 
he is being reinstated as a teaching mem- 
ber of the faculty.” 


Asian Nuclear Center 


Representatives of 16 nations met in 
Washington this month to work on the 
organizational and financial structure of 
an Asian nuclear center to be established 
at Manila. The United States has offered 
$20 million to equip the center and pay 
initial operating costs. 

The United States invited the mem- 
bers of the Consultative Committee of 
the Colombo Plan to Washington for the 
following purposes: to decide finally 
whether they wish to go ahead with the 
idea of establishing the center; to see for 
themselves at the Brookhaven National 
Laboratory, Upton, N.Y., the kind of 
institution toward which they would be 
working; to set up a plan for the organi- 
zation and future financing of the center. 
The Colombo Plan Committee consists 
of representatives of all the non-Commu- 
nist Asian nations from Pakistan to Ja- 
pan, except South Korea and National- 
ist China, plus contributing members— 
Australia, Britain, Canada, New Zea- 
land, and the United States. Together 
these countries form a loose organization 
for mutual assistance. Robert McClin- 
tock, chairman of the U.S. delegation, 
was elected permanent chairman of the 
meeting. 


Europeans Tour 
Nuclear Power Facilities 


A group of 50 industrialists and gov- 
ernment officials from Belgium, France, 
West Germany, Italy, Luxembourg, and 
the Netherlands toured various installa- 
tions of the U:S. Atomic Energy Com- 
mission and the plants of several private 
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companies during July. The purpose of 
the tour, which was sponsored by the 
AEC, was to provide the visitors with 
firsthand knowledge of the technology 
associated with setting up large power 
reactor complexes. 

Since the primary interest of the visi- 
tors was in reactors that can be built in 
Europe at an early date, their itinerary 
took them to facilities actually engaged 
in various phases of work on the pres- 
surized and boiling-water reactor systems. 
Included were commission sites where 
pressurized and _ boiling-water reactors 
have been designed, constructed, and 
operated, and plants engaged in fuel-ele- 
ment fabrication, manufacture of pres- 
sure vessels and other components, and 
chemical processing. 

The governments of the six countries 
represented in the group signed in Rome 
on 25 Mar. the treaty which, when rati- 
fied, will establish the European Com- 
munity for Atomic Energy, known as 
EURATOM., The purpose of EUR- 
ATOM is to contribute to the forma- 
tion and the rapid growth of a European 
nuclear industry. Early this year three 
representatives of these countries sur- 
veyed the nuclear power programs of the 
United States, Canada, and the United 
Kingdom and in May issued a report, 
A Target for EURATOM, that recom- 
mends a goal of 15 million kilowatts of 
installed nuclear electric capacity by the 
end of 1967. The ‘report stated that to 
meet the goal it would be necessary to 
begin with reactor systems that are the 
most advanced technologically. 


New High-Strength Steel 


The National Bureau of Standards has 
experimentally produced steel that can 
be heat-treated to a strength of 285,000 
pounds per inch with sufficient ductility 
for structural applications. Developed by 
Samuel J. Rosenberg and Carolyn R. 
Irish of the bureau’s thermal metallurgy 
laboratory, the steel is made by normal 
melting and working processes and 
should not be difficult to manufacture. 

In recent years the increasing demand 
for reduced weight in aircraft structures 
has been a constant stimulus for the de- 
velopment of high-strength steels. One 
of the principal applications for such 
materials is in aircraft landing gears. 
Because landing gears constitute approxi- 
mately 10 percent of the weight of an 
empty military plane, the use of an ultra- 
high-strength steel in such components 
can save considerable dead weight. Be- 
cause of the urgent need for stronger 
steels in this particular application, the 
Navy Bureau of Aeronautics has spon- 
sored an investigation at NBS to develop 
a steel having a tensile strength of ap- 
proximately 300,000 pounds per inch. 


Although many steels can be heat- 
treated to strengths of 300,000 pounds 
per inch and higher, they are normally 
quite brittle at this strength level. Such 
brittleness prohibits their use in  struc- 
tural applications where a certain 
amount of ductility and toughness is re- 
quired. The present investigation there- 
fore concentrated on developing a steel 
that would not only be strong but would 
also have high impact resistance. 


New Missing Link Discovered 


To zoologists the recently reported 
discovery by the Galathea Expedition 
of the extraordinary deep-sea mollusk 
Neopilina galatheae [H. Lemche, Nature 
(23 Feb. 1957)] will seem even more in- 
credible than the famous discovery in 
recent times of Latimeria, the living coe- 
lacanth, even though the layman may 
see less of interest in the mollusk than 
in the fish. Latimeria, however, repre- 
sents a group of fishes which survived 
into the Cretaceous period, and became 
extinct only some 70 to 90 million years 
ago; whereas the new-found mollusk 
represents a class that existed in the 
Cambrian to Devonian periods of the 
Paleozoic, and was supposed to have be- 
come extinct about 280 million years 
ago, when the coelacanths were just be- 
ginning to branch off as a special side- 
group of the other lobe-finned fishes 
(crossopterygians). Latimeria, moreover, 
seems to be a conventional sort of coe- 
lacanth, except for its salt-water habitat; 
but Neopilina is an obviously segmented 
mollusk, violating one of the general 
criteria by which mollusks are most 
readily known, their unsegmented body 
plan. Neopilina, of which 10 specimens 
and 3 additional shells were dredged up 
from a depth of 3590 meters off the west 
Mexican coast on 6 May 1952, has a 
fragile shell somewhat resembling that 
of a limpet, but there the similarity to 
any gastropod ends. The fossils of the 
class had already given evidence of sym- 
metrically arranged pairs of shell mus- 
cles. The living animal exhibits segmen- 
tation in other significant features as 
well. There are five pairs of auricles that 
receive blood from the gills, one pair of 
auricles for each of the pairs of comblike 
gills (ctenidia). There are also paired 
excretory organs, nephridia, again one 
pair for each of the five segments of the 
mollusk’s body. There may be other in- 
ternal organs which are segmented in 
arrangement, but further study of the 
internal anatomy will be required to 
clarify such matters, 

Neopilina represents a primitive form 
of mollusk intermediate between the 
amphineurans (chitons) andthe cephal- 
opods, but best placed, according to 
Lemche, in a distinct class, the Mono- 
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placophora. Some of its fossil relatives 
which have even higher numbers of 
paired muscle scars on the inside of the 
shell may well have been the connecting 
links between the mollusks and the typi- 
cally segmented annelid worms and 
arthropods.—BENTLEY GLAss 


Carnegie Petroleum Laboratory 


The Chemical and Petroleum Re- 
search Laboratory was incorporated at 
Carnegie Institute of Technology on 14 
July. The new facility is composed of 
three chemical research units: the Pe- 
troleum Research Laboratory, the Manu- 
facturing Chemists Association Research 
Project, and the Thermochemical Labo- 
ratory. 

The incorporation was made in order 
to make it possible to carry on, within 
one administrative organization, a num- 
ber of related continuing research proj- 
ects of a permanent character. The new 
laboratory is affiliated with the depart- 
ment of chemistry and will be under the 
direction of Frederick D. Rossini, head 
of the department of chemistry. Bev- 
eridge J. Mair is assistant director. 


IGY Bulletin 


The first issue of the JGY Bulletin, a 
new publication of the U.S. National 
Committee for the International Geo- 
physical Year, was released this month. 
Reprints of the Bulletin will be distrib- 
uted monthly to scientists and others di- 
rectly concerned with the IGY program. 
(In alternate months, two issues will be 
published in the bimonthly Transactions 
of the American Geophysical Union.) 

The first number of the Bulletin re- 
ports on some major aspects of the IGY 
program as it stands at the beginning of 
the Year. Similar treatment will be given 
the remaining program areas in the next 
few issues, thereby establishing a base for 
the reporting of IGY events, activities, 
and findings as the Year progresses. 


U.N. on Natural Energy Sources 


» New ways in which man can conserve 
the earth’s dwindling fuel supplies by 
harnessing certain natural forces now 
chiefly wasted are described in a report 
released recently by the United Nations. 
The report, to be considered by the Eco- 
nomic and Social Council this summer, 
was written to meet a request by the 
council last year for studies on the prac- 
tical use of five new sources of energy: 
solar energy, wind energy, geothermic 
energy, tidal energy, and thermal energy 
of the seas. As called for by the council 
resolution, it pays special attention to the 
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possibilities of raising the living stand- 
ards and economic development of less 


developed countries. 


In preparing this report, the secre- 
tariat had the help of five specialists who 
wrote background studies on each of the 
new energy sources. They were: on solar 
energy, Farrington Daniels, chairman of 
the chemistry department of the Univer- 
sity of Wisconsin; on wind power, E. W. 
Golding, Electrical Research Association, 
London; on tidal energy, Robert Gibrat, 
professor of industrial power, Ecole Na- 
tionale Superieure des Mines, Paris; on 
geothermic energy, Ing. Remo Alessan- 
dri, Director General of the Societa 
Larderello, Florence; and on thermal 
energy of the seas, Christian Beau, in- 
spector general of bridges and highways, 
Energie des Mers, Paris. 

The new U.N. report is the first sec- 
tion of what will eventually be a three- 
part printed volume. It describes in a 
general way the five natural energy 
sources, reviews briefly methods which 
have been devised to use them for eco- 
nomic purposes, and evaluates their main 
features. Next, it examines the role 
which each energy source may play in 
the production of electric power as well 
as its nonelectrical applications. Finally, 
lines of action are suggested for develop- 
ments which seem to be more important 
than others. The second and third parts 
of the report will consist of extracts from 
the technical background studies of the 
specialists and a comprehensive anno- 
tated bibliography prepared by the U.N. 
Educational, Scientific and Cultural Or- 


ganization. 


Ultrastructure Research 


Academic Press Inc. has announced 
publication of the Journal of Ultrastruc- 
ture Research, which is to be edited by 
Fritiof S. Sjéstrand and Arne Engstr6m, 
both associated with the Karolinska In- 
stitutet, Stockholm, Sweden. The pur- 
pose of the new journal is to assemble 
in one medium papers dealing with the 
ultrastructure of the elementary struc- 
tural as well as functional components 
of cells and tissues. Papers on biological 
material analyzed by means of electron 
microscopy, x-ray diffraction techniques, 
x-ray microscopy, polarization optical 
analysis, and polarized infrared analysis 
will be acceptable, as will those describ- 
ing techniques and instruments of im- 
portance for the development of ultra- 
structure research. 

The editorial board will consist of 
F. B. Bang (U.S.A.), W. Bernhard 
(France), A. Claude (Belgium), V. E. 
Cosslett (England), Albert J. Dalton 
(U.S.A.), John Farrant (Australia), A. 
Frey-Wyssling (Switzerland), Alan J. 
Hodge (Australia), Daniel C. Pease 


(U.S.A.), J. B. Le Poole (Netherlands), 
J. T. Randall (England), Ernst Ruska 
(Germany), W. J. Schmidt (Germany), 
Hugo Theorell (Sweden), Arne Tiselius 
(Sweden), and R. W. G. Wyckoff 
(U.S.A.). 

The first volume, priced at $15, will 
have four issues. Manuscripts by Ebba 
Andersson, A. J. Dalton, R. Ekholm, E. 
Fauré-Fremiet, D. Ferreira, A. Frey- 
Wyssling, B. Vincent Hall, E. L. Kuff, 
M. G. Menefee, and C. Rouiller have 
been accepted for publication in the in- 
itial issues. Manuscripts and queries con- 
cerning details of editorial policy and 
rules regarding the preparation of papers 
should be sent to the Editorial Office, 
Journal of Ultrastructure Research, De- 
partment of Anatomy (Karolinska Insti- 
tutet, Stockholm 60, Sweden. Subscrip- 
tion orders should be sent to the publish- 
ers, Academic Press Inc., 111 Fifth Ave., 
New York 3, N.Y. 


IT&T Standards Laboratory 


A new standards laboratory for testing 
and certifying master mechanical and 
electrical measuring devices was opened 
recently at Clifton, N.J., by International 
Telephone and Telegraph Corporation. 
The dedication ceremonies featured an 
address by Allen V. Astin, director of the 
National Bureau of Standards. 

To be known as the IT&T Standards 
Laboratory, the new facility is located 
within the [T&T Federal Telephone and 
Radio Company division’s factory build- 
ing, and within a short distance of Fed- 
eral Telecommunication Laboratories, 
IT&T’s research division. One of the 
best equipped privately owned installa- 
tions of its kind, it is designed to provide 
a convenient service in the field of me- 
chanical and electrical measurements, 
supplementing and extending that of the 
National Bureau of Standards, to private 
companies, to organizations such as uni- 
versities and scientific foundations, to 
U. S. government agencies, and to IT&T 
system companies throughout the world. 


IAEA Preparatory Commission 


The Preparatory Commission of the 
International Atomic Energy Agency, 
composed of representatives of 18 coun- 
tries, has completed its sixth session at 
United Nations Headquarters in New 
York under the presidency of Carlos A. 
Bernardes (Brazil) and with Pavel Wink- 
ler (Czechoslovakia) as its vice president. 
The commission reached unanimous 
agreement on a recommendation for a 
program of activities of the agency for 
its initial year as well as on the budget, 
staff establishment, and ‘financing re- 
quired to carry out this program. The 
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report will be published as soon as it has 
been communicated to the governments 
of the 80 states that signed the IAEA 
statute. A number of documents on ad- 
ministrative and procedural matters were 
also approved by the commission. 
Furthermore, a draft relationship 
agreement with the United Nations was 
prepared and negotiated with the United 
Nations Advisory Committee on the 
Peaceful Uses of Atomic Energy. This 
agreement will now be submitted for ap- 
proval to the general conference of the 
agency and to the United Nations Gen- 
eral Assembly. 

During July the Preparatory Commis- 
sion secretariat has been transferring to 
Vienna, where the executive secretary, 
Paul R. Jolles, will assume responsibility 
for organizing the first general confer- 
ence, scheduled to open in Vienna on 1 
Oct. All countries that have signed the 
statute and have deposited instruments 
of ratification by that time will partici- 
pate in this conference as initial members 
of the agency. 


Yale Medical School Expands 


Yale University has awarded a con- 
tract for an extension to the Sterling 
Hall of Medicine. The new four-story 
building will provide additional facilities 
for the departments of anatomy and bio- 
chemistry. Construction will begin this 
summer and the laboratory is expected 
to be ready for occupancy by September 
1958. The cost of the project is $1 mil- 
lion, half of which will be derived from 
a grant under the Federal Health Re- 
search Facilities Construction Program: 


Proposed Legislation 


Of the many bills introduced in Con- 
gress, some have a special relevance to 


introduced recently ‘follows: 

S 2408. Authorize a’special milk pro- 
gram, a veteransand Armed Forces 
dairy-products program, and an accel- 
erated brucellosis eradication program, 
Thye (R Minn.), Wiley (R Wis.) Senate 
Agriculture and Forestry. 

H Res 304. Provide for consideration 
of HR 6814, a bill to provide for com- 
pulsory inspection by U.S. Department 
of Agriculture of poultry and poultry 
products. Trimble (D Ark.) House Ag- 
riculture. ‘ 

S 2409. Establish'a Federal Recreation 
Service in Department of Health, Edu- 
cation and Welfare. Neuberger (D Ore.) 
Senate Labor and Public Welfare. 

HR 8390. Protect the public health by 
amending Federal Food, Drug, and Cos- 
metic Act to prohibit use in food of ad- 
ditives which have not been adequately 


science and education. A list of such bills 


tested to establish their safety. Harris (D 
Ark.) House Interstate and Foreign Com- 
merce. 

S 2415. Prescribe a standard of loyalty 
to the U.S. Government for military per- 
sonnel to prescribe procedure for deter- 
mination of the loyalty of such personnel. 
Cotton (R N.H.), Stennis (D Miss.) 
Senate Armed Services. 

S 2399. Establish a Central Security 
Office to coordinate administration of 
federal personnel loyalty and security 
programs, to prescribe administrative 
procedure for hearing and review of cases 
arising under such programs. Johnston 
(D S.C.) Senate Post Office and Civil 
Service. 

S 2375. Provide a program for develop- 
ment of minerals resources of U.S., its 
territories, and possessions by encourag- 


ing exploration for minerals and provid- - 


ing for payments as incentives for pro- 
duction of certain minerals. Watkins (R 
Utah), Bennett (R Utah) Senate Inter- 
ior and Insular Affairs. 

S 2395. Establish methods of lessening 
nation’s dependence on foreign sources 
of lead and zinc in times of emergency 
and promote general economy of nation. 
Murray (D Mont.), Mansfield (D 
Mont.) Senate Interior and Insular Af- 
fairs. 

HR 8366. Establish beneficial develop- 
ment of forest resources of Indian lands 
as policy of Congress. Metcalf (D Mont.) 
Senate Interior and Insular Affairs. 


Scientists in the News 


FRITZ A. LIPMANN, professor of 
biological chemistry at Harvard Medical 
School and head of the biochemistry re- 
search laboratory at Massachusetts Gen- 
eral Hospital, will move on 1 Sept. to 
the Rockefeller Institute in New York, 
where he has been named a member and 
professor. He will take several members 
of his staff with him and will conduct 
research in new laboratories now being 
completed at the institute. Lipmann re- 
ceived the Nobel prize for medicine and 
physiology in 1953 for the discovery of 
‘coenzyme A. 


MICHAEL T. CRONIN, formerly 
associate pathologist at Penrose Research 
Laboratories, Philadelphia, Pa., and as- 
sistant professor of veterinary pathology 
at the University of Pennsylvania, has 
been named manager of the newly 
formed department of toxicology and 
pathology in the research laboratories of 
Schering Corporation, Bloomfield, N.J. 


L. W. MILLER, professor of biologi- 
cal science at Illinois State Normal Uni- 
versity, has been appointed chairman of 
the division of natural science at Chico 
State College, Chico, Calif. 


ARTHUR L. SCHIPPER, who has 
been in the department of biology at the 
University of Notre Dame since 1948, is 
the new assistant in the University Rela- 
tions Division of the Oak Ridge Institute 
of Nuclear Studies. 


Rear Admiral R. S. HATCHER, 
USN (ret.), recently joined the Aerojet- 
General Corporation, Azusa, Calif., to 
work in the field of advanced planning. 
Hatcher, who was assistant chief of re- 
search and development in the Navy’s 
Bureau of Aeronautics at the time of his 
retirement in 1955, has for the last 2 
years been affiliated with the Guggen- 
heim School of Aeronautics at New 
York University. 


This year’s honorary degree recipients 
include the following: 

GILBERT DALLDORF of the divi- 
sion of laboratories and research, New 
York State Department of Public Health, 
from the University of Freiburg, Ger- 
many. 

WILLIAM R. EHRICH, professor in 
the University of Pennsylvania Graduate 
School of Medicine, from the University 
of Freiburg, Germany. 

MARION S. FAY, dean of the Wom- 
an’s Medical College of Pennsylvania, 
from Beaver College. 

MERVIN J. KELLY, president of 
Bell Telephone Laboratories, from the 
University of Pittsburgh. 

OTTO KRAYER, head of the depart- 
ment of pharmacology, Harvard Univer- 
sity, from the University of Freiburg, 
Germany. 

WILLIAM L. LAURENCE, science 
editor of the New York Times, from 
Yeshiva University. 

FAIRFIELD OSBORN, president of 
the New York Zoological Society, from 
Princeton University. 

GEORGE W. PERKINS, permanent 
representative of the U.S. on the North 
Atlantic Council, who spent many years 
developing a model program in basic re- 
search for Merck and Company, from 
Princeton University. 

HENRY M. STRATTON, publisher 
of medical textbooks, from the Univer- 
sity of Freiburg, Germany. 

OSWALD VEBLIN, emeritus profes- 
sor of ‘mathematics, Institute for Ad- 
vanced Study, from Princeton University. 

HARRY M. ZIMMERMAN, chief 
pathologist, Montefiore Hospital, Bronx, 
from Yeshiva University. 


HAROLD F. COTTERMAN, dean 
of faculty at the University of Maryland, 
has been named dean emeritus. He 
joined the university in 1917 as a profes- 
sor of agriculture education. Before his 
appointment as dean of faculty in 1946, 
he was also associate dean and dean of 
education, State supervisor of agriculture 
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for the State Department of Education, 
and assistant dean of agriculture. 

Cotterman received his B.S. degree. 
from Ohio State University, attended 
summer school at the University of Wis- 
consin, and obtained an M.A. degree 
from Columbia University. He received 
his Ph.D. degree from American Univer- 
sity. He has been president of the Mary- 
land Vocational Association, the Mary- 
land State Teachers’ Association, the 
American Association of University Pro- 
fessors, and the National Education 
Association. 


CYRUS H. FISKE and RONALD 
M. FERRY, both biochemists, have re- 
tired from Harvard University. Fiske, 
professor of biological chemistry, has 
made many fundamental contributions 
to the understanding of the chemistry 
of living tissues and has discovered 
numerous biologically important com- 
pounds. Fiske’s colorimetric method for 
the determination of phosphorus, which 
he developed in 1925, is still employed 
in studies dealing with phosphorus me- 
tabolism. Textbooks of physiology and 
biochemistry lean heavily on his work. 

Fiske received the A.B. degree from 
the University of Minnesota in 1910 and 
the M.D. from Harvard Medical School 
in 1914. He was named an assistant in bi- 
ological chemistry at the Harvard Medi- 
cal School in 1914, then was appointed 
(1915) as an associate in biochemistry 
at Western Reserve University. He be- 
came an assistant professor of biochem- 
istry at Western Reserve in 1917, then 
returned to Harvard in 1918 as assistant 


professor of biological chemistry. He | 


was appointed professor of biological 
chemistry at Harvard in 1935. 

Ferry, associate professor of biochem- 
istry, through his studies on the viability 
of airborne bacteria has contributed 
knowledge of airborne infections which 
could be valuable in defense against 
biological warfare. He has also contrib- 
uted to an understanding of the physico- 
chemical properties of blood. 

Ferry worked closely with the late 
Edwin J. Cohn of Harvard, prior to 
World War II, in studies of hemoglobin 
and immunochemistry. During the war, 
as a lieutenant colonel in the Medical 
Corps, Ferry had charge of a technical 
division responsible for chemical and 
physical defense against possible enemy 
use of biological agents. He has con- 
tinued his research in the general area 
of airborne infections under governmen- 
tal sponsorship since the war. 

Ferry received the A.B. degree from 
Harvard in 1912 and the M.D. from 
Columbia University in 1916. He in- 
terned at Presbyterian Hospital, New 
York. Following military service on the 
Mexican border and as a medical officer 
in World War I, he returned to Har- 
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vard as a research fellow in biological 
chemistry. He was appointed associate 
professor of biochemistry at Harvard in 
1931. Ferry also has served as master of 
Winthrop House for 26 years. 


WIILLIAM G. COCHRAN, profes- 
sor of biostatistics at Johns Hopkins Uni- 
versity since 1948, has accepted a pro- 
fessorship in the new department of sta- 
tistics at Harvard University. He is a 
specialist in sampling techniques and the 
design of experiments. Under the chair- 
manship of FREDERICK MOSTEL- 
LER, the department will conduct un- 
dergraduate and advanced teaching and 
research in statistical theory and practice 
and will advise scholars in other fields 
on the use of statistical methods in their 
work. ‘ 

The City College (of New York) 
Chemistry Alumni Association has an- 
nounced its Ninth Bicentennial Science 
Lecture and Medal Award. The medalist 
will be W. M. STANLEY, Nobel laure- 
ate and professor of biochemistry and 
director of the Virus Laboratory, Univer- 
sity of California, Berkeley. He will de- 
liver an address on “Relationships be- 
tween viruses, genes and cancer” during 
the annual dinner of the association on 
12 Sept. at the Henry Hudson Hotel, 
New York. The meeting is open to all, 
and reservations may be made through 
Dr. Frank Brescia, Department of Chem- 
istry, City College of New York, Convent 
Ave. and 140 St., New York 31, N.Y. 


STANLEY J. SARNOFF, chief of 
the laboratory of cardiovascular physi- 
ology of the National Heart Institute, 
has been named as the first recipient of 
a new award for “meritorious investiga- 
tion in the field of cardiovascular disease 
and related topics.” The $1000 award 
was instituted this year with a gift made 
jointly to the Dallas Heart Association 
and the University of Texas Southwest- 
ern Medical School by the Leslie L. and 
Helen F. Jacobs Foundation. 


JAQUES CATTELL has resigned as 
president of the Science Press, Inc., to 
take a position as manager of Pergamon 
Press interests in the United States, with 
the title of vice president and scientific 
editor. 


ELMER R. WEAVER, chief of the 
gas chemistry section of the National 
Bureau of Standards, retired on 31 May 
after 45 years of service. He is well 
known in his field, and the techniques 
he developed for determining the per- 
formance of gas-burning appliances are 
now used as basic procedures in the ap- 
proval testing of virtually every type of 
gas appliance sold in the United States. 

He was also a pioneer in the develop- 


ment of thermal-conductivity measure- 
ments for detecting hydrogen in World 
War I submarines. This work has now 
become the basis of a multimillion-dol- 
lar instrument industry. In World War 
II he developed a physical method for 
measuring the water-vapor content of 
aviators’ oxygen to prevent the clogging 
of oxygen lines with ice crystals. In 1953, 
the Department of Commerce recog- 
nized Weaver's work by awarding him 
the gold medal, the department’s high- 
est honor. Weaver attended Stanford 
University, where he was awarded an 
A.B. in chemical engineering in 1910. 


KAREL HUJER, associate professor 
of physics and astronomy at the Univer- 
sity of Chattanooga, is giving a series of 
lectures this summer in Czechoslovakia 
at the invitation of the Czech Govern- 
ment. His lectures are on the general 
topic “The universe of the Mount Palo- 
mar Observatory.” 


Recent Deaths 


HARRIET M. ALLYN, South Had- 
ley, Mass.; 74; retired academic dean and 
professor of anthropology at Mount 
Holyoke College, former president of the 
National Association of Deans of Women 
and the Council of Guidance and Per- 
sonnel Associations; 7 July. 

WALTER G. FRANKENBURG, 
Lancaster, Pa.; 63; director and vice 
president in charge of research and de- 
velopment in the General Cigar Com- 
pany; organized the first purely scien- 
tific research laboratory in the American 
cigar industry; 4 July. 

CONRAD NAGEL, Jr., Pittsburgh, 
Pa.; 65; retired vice president of the 
Aluminum Company of America, for- 
merly its chief metallurgist; made alumi- 
num usable for aircraft by eliminating 
causes of excessive corrosion; 5 July. 

FREDERICK W. PARSONS, New 
York, N.Y.; 81; psychiatrist, first N.Y. 
State Commissioner of Mental Health; 
did notable work on the rehabilitation of 
shell-shocked veterans; 5 July. 

CHARLES H. SAMPSON, Lewiston, 
Me.; 74; recently associated with Leavitt 
Institute, Turner, Me., retired professor 
of engineering and descriptive geometry 
at Bates College, author of scientific and 
mathematics textbooks; 6 July. 

RICHARD H. SMITH, Alexandria, 
Va.; 63; retired Department of Defense 
official, founder and first director of 
Brazil’s Aeronautical Technical Institute, 
formerly professor of aeronautical engi- 
neering at Massachusetts Institute of 
Technology; 6 July. 

JOHN J. STETZER, Philadelphia, 
Pa.; 82; retired dental surgeon, formerly 
president of the Academy of Stomatol- 
ogy; 7 July. 
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Affinity between the Lupus 
Erythematosus Serum Factor and 
Cell Nuclei and Nucleoprotein 


The serum of many patients with 
systemic lupus erythematosus (L.E.) is 
capable of inducing characteristic alter- 
ations in white blood cells in vitro. 
The alterations include swelling of the 
nucleus of some white cells and the ap- 
pearance of bodies resembling these 
swollen nuclei in the cytoplasm of other 
intact polymorphonuclear _ leucocytes. 
The latter cells are known as L.E. cells. 
How the serum induces these cellular 
changes has remained obscure. However, 
the observed morphological changes, 
the fact that the inclusion body of the 
L.E. cell stains with Feulgen reagent 
(1) and, in. particular, the recent work 
of Miescher (2), strongly indicate a re- 
action specifically involving cell nuclei. 
This report presents evidence suggest- 
ing that the responsible serum factor 
combines directly with cell nuclei and 
nuclear nucleoprotein. 

Starch-zone electrophoresis of highly 
active L.E. serum was carried out. It 
confirmed the finding of others (3) that 
the factor migrates with the faster por- 
tion of the y-globulin. Ultracentrifuga- 
tion of L.E, serum in a sucrose gradient 
and also in saline solution showed that 
the factor sediments with the bulk of 
the y-globulin with an s rate of approxi- 
mately 78, 

Nuclei from calf thymocytes, rabbit 
polymorphonuclear leucocytes, and hu- 
man monocytes were prepared in su- 
crose-calcium solution, sometimes con- 
taining citric acid. When each of these 
types of nuclei was incubated for 30 
minutes in highly positive L.E. sera at 
temperatures between 18° and 38°C 
and the nuclei then removed by centrifu- 
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16 (4 Jan. 1957). 


162 


Reports 


gation, the sera lost completely their 
ability to induce L.E. cell formation. 
Electrophoretic and immunological de- 
termination of total serum y-globulin 
before and after absorption with nuclei 
showed little change. In one case, the 
y-globulin was 20.5 mg/ml before and 
19.8 following absorption. 

Adherence of the serum factor to the 
nuclei is suggested by the fact that 
nuclei which had been removed from 
L.E. serum, washed with cold saline 
until the solution was free of protein, 
and then incubated with fresh human 
white blood cells, were readily phagocy- 
tized to form L.E. cells. Nuclei exposed 
to normal serum and treated in an iden- 
tical manner were not similarly phago- 
cytized. 

The absorbed L.E. factor could be 
removed partially from nuclei by in- 
cubating the nuclei in isotonic saline 
for 20 minutes at temperatures from 
45° to 65°C. The eluted protein, which 
was active, was found to be y-globulin 
and was quantitatively precipitated by 
antiserum to normal y-globulin. The 
nuclei after elution were still phagocy- 
tized to form L.E. cells, indicating that 
the elution had been incomplete. 

In an effort to determine the reactive 
component of the nuclei, similar ex- 
periments were conducted with isolated 
nuclear nucleoprotein. Nucleoprotein 
was extracted in 1M NaCl. A crystal- 
clear, viscous solution was obtained from 
which strands of nucleoprotein could be 
precipitated by dilution to physiological 
salt concentration. After absorption with 
the nucleoprotein, L.E. serum-was un- 
able to induce- L.E. cell formation. 
When the nucleoprotein, after incuba- 
tion with L.E. serum, was washed and 
incubated with fresh white blood cells, 
strands of nucleoprotein were phagocy- 
tized by the white blood cells to form 
inclusion bodies very similar to those 
of the L.E. cells. Nucleoprotein incu- 
bated with normal serum or saline was 
not so phagocytized. 

Following treatment with deoxyribo- 
nuclease sufficient to remove approxi- 
mately 50 percent of the deoxyribonu- 
cleic acid the nuclei would absorb some 
of the L.E. factor and would readily 
release all of that absorbed on subse- 
quent incubation at 56°C. If all the 


deoxyribonucleic acid was removed with 
deoxyribonuclease, none of the factor 
could be absorbed. On the other hand, 
treatment with ribonuclease did not 
impair absorptive capacity. After selec- 
tive removal of the histone by extrac- 
tion of the nuclei with 0.5-percent citric 
acid in 1M NaCl, the ability of the 
nuclei to absorb factor remained, but 
was somewhat diminished. 

Exposure of nuclei to normal serum, 
to cirrhotic serum with very high y- 
globulin, and to serum with large 
amounts of euglobulin did not make the 
nuclei susceptible to phagocytosis by 
white cells with formation of L.E. cells, 
nor did it interfere with their ability 
to absorb the L.E. /factor. However, 
absorption of factor was prevented by 
prior treatment of nuclei with prota- 
mine, which is thought to bind the phos- 
phate groups of deoxyribonucleic acid, 
and with atabrine. The latter drug ap- 
pears to have a therapeutic effect in 
lupus erythematosus, 

Further exploration of the reaction 
between L.E. serum and cell nuclei was 
accomplished by studying the L.E. cell 
reaction by the fluorescent antibody 
technique during the course of other 
studies conducted in cooperation with 
Robert Mellors and Louis Ortega of the 
Sloan-Kettering Institute (4). Slides 
containing L.E. cells were reacted with 
fluorescent rabbit antiserum to normal 
human y-globulin. Nuclei which were 
undergoing change preliminary to pha- 
gocytosis during L.E. cell formation 
(Fig. 1) and the inclusion bodies of L.E. 
cells fluoresced brilliantly. There was 
no similar fluorescence of the nucleus 
of the phagocytic cell, or of any nuclei 
in control preparations made with nor- 
mal serum. Thus the localization of y- 
globulin, presumably L.E. factor, on the 
affected nuclei during in vitro L.E. cell 
formation could be demonstrated. 


Fig. 1. Visualization of L.E. cell prepara- 
tion made with L.E. serum and stained 
with fluorescent antibody to human y-glob- 
ulin. Marked fluorescence of swollen white 
cell nuclei is visible. In identical prepara- 
tions made with normal serum as controls, 
there was no nuclear fluorescence. 
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These data suggest that the L.E. 
serum factor has an affinity for nuclear 
nucleoprotein and that deoxyribonucleic . 
acid is involved in the bond. The fact 
that the L.E. serum factor is a y-globulin 
that appears to react with antiserum to 
normal y-globulin suggests that the fac- 
tor may be an antibody. This possibility 
merits further investigation, with particu- 
lar reference to the question of whether 
or not the L.E. factor could be an auto- 
antibody to nucleoprotein or deoxyribo- 
nucleic acid. 

Note added in proof: Recently we 
have learned that George Friou of West 
Haven, Conn., has applied the fluores- 
cent antibody technique to the study of 
properties of L.E. serum and has ob- 
tained results similar to those reported 
here. 

Hatstep R. 
Henry G. 
Rockefeller Institute for 
Medical Research, New York 
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Interface Enrichment of Methylene 
Blue by Fatty Acids with 
Microanalytic Applications 


One of us (G.M.) has observed that 


thionine dyes are attracted by fatty acids ~ 


to the interface between alkaline water 
and water-immiscible fatty-acid solvents. 
This attraction provides the basis for a 
convenient new method of measuring 
very small amounts of certain long-chain 
fatty acids. In particular, palmitic, oleic, 
stearic, elaidic, and linoleic acids, sepa- 
rately or in mixtures, have been shown to 
cause the basic dye, methylene blue, to 
become enriched at the interface of a 
two-phase system consisting of a heptane 
mixture (Skellysolve D) plus methylene 
blue in ammonia water. The loss of dye 
from the aqueous bulk phase is a loga- 
rithmic function of the amount of such 
fatty acids in the system. Thus, total con- 
centration of the afore-mentioned fatty 
acids may be determined by application 
of this method. 

To determine the fatty acids, a solu- 
tion of 500 wg of methylene blue chlo- 
ride (minimum assay, 98.5 percent) in 
100 ml of 0.64 NH,OH was prepared 
within an hour before use. Fatty acid 
working standard solutions containing 
100 mu mole of reagent-grade acid per 
milliliter of Skellysolve D solution were 
prepared and kept in glass-stoppered bot- 
tles (stoppers were wetted with glycerol 
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to prevent evaporation) away from light. 
Standard curves for the fatty acids 
usually were made with mixtures simu- 
lating natural fats. Final volumes of 2 
ml for the hydrocarbon phase were used 
in the determinations. Typical standard 
curves were made by pipetting 0, 20, 40, 
80, 120, and 160 millimicroequivalents of 
the acids into sulfuric acid-dichromate 
cleaned Coleman spectrophotometer cu- 
vettes (19 by 105 mm round). Into each 
tube, 6-ml volumes of the ammonia- 
methylene blue solution were added. All 
tubes were capped with Saran wrap cov- 
ered stoppers and shaken 100 times vig- 
orously in a rack. Immediately after this, 
the cuvettes were placed in a size 2, 
model V International centrifuge, and 
the power was adjusted to bring the cen- 
trifuge up to 1600 rev/min in 60 seconds; 
the centrifuge was then slowly braked to 
a stop. The cuvettes were carefully re- 
moved to prevent disturbance of the in- 
terface. The optical density was read 
immediately in a Coleman universal 
spectrophotometer at 665 mu. The run- 
ning of a standard curve with each set 
of unknowns, and uniform standardiza- 
tion of the procedure, and the mainte- 
nance of a constant ambient temperature 
were found to be very critical factors 
because this system is not in equilibrium 
when readings are made. 

Table 1 shows typical optical density 
values observed. These were obtained 
using a mixture of fatty acids similar to 
lard (1). The precision of the standard 
curve is indicated by the function show- 
ing percentage standard error of dupli- 
cate analyses. This function was obtained 
from the formula 


=— x 100 = 
x 


percentage standard error 
of duplicate analyses. 


In this formula, 


is the range in millimicroequivalents 
around the mean of duplicate values, x; 
the number of sets of duplicates is de- 
noted by n. 

Preliminary studies have shown that 
this procedure can be used for the meas- 
urement of unesterified long-chain fatty 
acids in plasma (0.2 to 0.5 ml of sample 
is needed) and of total saturated and 
unsaturated long-chain fatty acids after 
alkaline hydrolysis of a 0.1-ml sample. 

Furthermore, a check of this method 
was made on ethanolic KOH saponified 
samples of lard and sunflower seed oil. 
The amount of fatty acids found by 
titration of 4-g fat samples checked 
within 3 percent of the values obtained 
using the methylene blue interface en- 


Table 1. Typical optical density values 
obtained in the determination of total 
long-chain fatty acids with percentage 
standard error for duplicate readings. The 
mixture contained palmitic, stearic, oleic, 
and linoleic acids in the molar ratios of 
5/3/9/1. 


Percentage 
Total 
fatty Optical of — 
acid density pe! ~ 
(mumole ) 
readings 
10 1.030 18.3 
20 0.960 4.6 
40 0.810 3.6 
80 0.525 3.1 
120 0.320 6.6 
160 0.245 11.2 


200 0.220 8.4 


richment method on aliquots of the lard 
and sunflower seed oil soaps. 

It should be stated that caprylic and 
lauric acids do not cause any observable 
concentrations of methylene blue at the 
interface. Moreover, linolenic acid and 
myristic acids only weakly retain methyl- 
ene blue at the interface in these proce- 
dures. However, iodinated linolenic acid 
behaves in the same manner as palmitic, 
oleic, stearic, elaidic, and linoleic acids. 
Nevertheless, it is evident that this 
method may be applied for assay of 
nearly all the long-chain fatty acids in 
mammalian blood and tissue lipids and 
in vegetable lipids, except butter and 
some vegetable fats. 

This new method is not only more sen- 
sitive but also more practicable than pre- 
viously available methods for measuring 
long-chain fatty acids: the materials and 
equipment required are within the scope 
of any basically equipped chemistry labo- 
ratory. 

Cuartes M. CoLEMAN 

GarpDNER MIppLEBROOK 
Department of Research and 
Laboratories, National Jewish 
Hospital at Denver, Denver, Colorado 
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Successive Reversal of a 
Position Habit 
in an Invertebrate 


The performance of white rats on a 
series of discrimination reversals based 
on spatial cues (1) has been extensively 
investigated. These studies show that 
after a very brief period of negative 
transfer there occurs a gradual reduction 
in the number of errors with each suc- 
ceeding reversal. This interreversal im- 
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Fig. 1. Mean days and mean errors to cri- 
terion as a function of the ordinal number 
of reversals. 


provement might be related to a “learn- 
ing set” (2). The present report sug- 
gests that this type of learning set is very 
difficult to establish in the isopod. The 
isopod was chosen for investigation pri- 
marily because it can survive laboratory 
confinement for several months, a pre- 
requisite for this type of work, which 
entails repeated testing of the same sub- 
ject for a long period of time. 

Seven isopods, Armadillidium  vul- 
gare, were trained on a total of eight re- 
versals of a position habit (3). The ap- 
paratus consisted of a single-unit T-maze 
made of transparent plastic. The stem 
and the arms measured 3 cm in length 
and 15 mm in width. On the floor of each 
arm, | cm beyond the choice-point, was 
a grid made from copper wire. A direct 
current of about 7 amperes charged the 
grid. On the floor of each end box was 
a thin sheet of sponge which was kept 
moist. A cover was provided for each 
end box, and the entire unit was painted 
black on the outside. Under these con- 
ditions of darkness and dampness, the 
isopod rarely attempted exit from the 
end box once it had made an entrance. 
Above the choice-point was mounted a 
150-w light which constituted the nox- 
ious stimulus from which the animal at- 
tempted to escape. Prior to testing, all 


animals were given experience in a 
straight runway, the construction of 
which was similar to that of the T-maze. 

All animals were required to choose 
one arm of the T-maze in order to gain 
access to the dark, moist, end box. Three 
animals were initially trained to choose 
the right arm, and the remaining four 
were trained to choose the left arm. 
Eight trials were given each day with an 
intertrial interval of approximately 20 
seconds, If the correct arm was chosen, 
the animal was allowed to proceed to 
the end box. If, however, the incorrect 
arm was selected, a shock was delivered 
to the grid. Response to the shock al- 
most invariably involved an abrupt with- 
drawal and a reversal of direction of 
locomotion. When the isopod reached 
the criterion of seven correct responses 
on one day, training on the following 
day was switched to the opposite posi- 
tion (first reversal). Training to this side 
was continued until the animal again 
met the criterion of seven errorless trials 
on one day. On the succeeding day, 
training was begun to the initially cor- 
rect side (second reversal). Eight such 
reversals were given. During the course 
of the experiment, occasional shedding 
of the cuticula occurred in all animals. 
Performance prior to or following this 
condition did not appear to be impaired. 

Figure 1 presents the mean number 
of days to criterion and the mean num- 
ber of initial errors to criterion as a 
function of the ordinal number of rever- 
sals, Although a trend suggesting the 
formation of a learning set is apparent, 
statistical tests offered no evidence for 
interreversal improvement. That is, the 
difference between performance on the 
first four reversals (or first two rever- 
sals) and performance on the last four 
reversals (last two reversals) was not of 
sufficient magnitude to indicate that it 
did not occur by chance. Table 1 pre- 
sents the individual data for all isopods 
involved in this study. It will be seen 
that only two animals (animals 1 and 9) 
showed definitive changes in perform- 
ance with increasing reversal experience. 
It would seem that isopods do not show 
the characteristic improvement in rever- 
sal performance that has been demon- 
strated for the lower vertebrate forms, 


Table 1. Number of errors to criterion for each subject. 


Reversal 
0 1 2 3 4 2 6 Y| 8 
24 11 cf 0 19 8 9 2 6 
0 37 1 26 15 14 9 14 + 
0 47 6 13 17 2 13 24 12 
34 5 8 17 17 14 6 28 19 
17 1 16 1 5 3 7 + 11 
19 1 3 8 7 10 28 10 8 
17 13 66 9 34 13 25 8 9 


such as newts and turtles (4). Whether 
further reversal training would have re- 
sulted in a significant degree of improve- 
ment and whether a different inverte- 
brate would reveal interreversal gains 
are problems for future work. 

Rogert THOMPSON 
Department of Psychology, 
Louisiana State University, Baton Rouge 
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Uranyl Protoporphyrin: 
a New Uranium Complex 


The purpose of this report is to de- 
scribe a uranyl porphyrin compound that 
does not appear to be nephrotoxic to 
mice. Uranyl protoporphyrin is a hith- 
erto undescribed complex of uranyl ion 
with protoporphyrin 9, the porphyrin 
ring of hemin. 

Uranium in this work was assayed by 
radiation due to its decay and that of 
its daughters. Samples were counted in 
a scintillation well (gammas) and a 
flow counter (alphas and betas) and 
compared with appropriate standards. 
Uranyl protoporphyrin has been synthe- 
sized by addition of UO,Ac, :2H,O or 
UO,(NO,),-6H,O to aqueous proto- 
porphyrin at pH 7. The complex precipi- 
tates at pH’s of less than 5. Repeated 
washes with HCl at pH 2 soon lead to 
constant counts in the precipitate and 
none in the supernatant; uranyl acetate 
and nitrate are entirely soluble at pH 2. 
The porphyrin and the activity were en- 
tirely in solution after the pH had been 
raised to 7 with NaOH. Allowing the so- 
lution to stand at pH 7 overnight led to 
no precipitation of activity; unbound 
uranyl ion is quantitatively precipitated 
at this pH. Repeated precipitation and 
solution fails to remove the uranyl ion 
from the porphyrin ring if a pH higher 
than 8 is avoided. Apparently, sodium 
uranates form at higher pH’s and thus 
destroy the complex. Autoclaving at pH 
7 in 0.9 percent NaCl destroys the com- 
plex; autoclaving in water at the same 
pH does not. Excess citrate ion destroys 
or prevents the formation of the com- 
plex. 

Uranyl protoporphyrin is more stable 
in acid than in alkali; indeed, it has been 
obtained by refluxing uranyl acetate and 
protoporphyrin in glacial acetic acid. 
The complex precipitates on addition of 
the reaction mixture to water. 

Copper in the porphyrin ring is neither 
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displaced by UO,** nor does it interfere 
with formation of the complex. This 
leads one to believe that UO,*+ is not 
present in the center of the ring. 

Uranyl ion forms complexes with 
many anions. It may be that uranyl ion 
is bound to protoporphyrin as a complex 
with the two propionic acid groups which 
are present on the ring. A uranyl ion 
might also form a complex with one pro- 
pionic acid group from two different 
rings. The nature of this association is 
not yet clear; that it did not make uranyl 
ion freely available to the mouse is evi- 
dent from the data presented in subse- 
quent paragraphs. 

It should be emphasized that an equi- 
librium mixture of U288 and its daugh- 
ters, and not just U?58 alone, was asso- 
ciated with the porphyrin. 

Uranium-238 is an alpha emitter that 
decays to Th?84, This daughter element 
is a beta-gamma emitter with a half-life 
of 24.1 days. A sample of pure uranium 
has no gamma activity associated with it 
initially, but with time Th?%4 accumu- 
lates, and gamma activity increases, be- 
coming constant when equilibrium is at- 
tained. Gamma activity from an aliquot 
of a sample of uranyl protoporphyrin 
which had been given to mice was found 
unchanged after 3 weeks. Determination 
of the amount of uranium present in this 
sample was performed by comparing its 
alpha and beta activity with that of a 
uranium standard. This assay agreed 
with that obtained by comparing gamma 
activity. These facts indicate that an 
equilibrium mixture of and _ its 
daughters was associated with the por- 
phyrin ring. 

Seven white mice (Smith-Webster, 
25 to 30 g each) received 9 times the 
LD;, (8 mg/kg) (7) of uranium as 
uranyl protoporphyrin by intraperitoneal 
injection. They were all alive and grow- 
ing 30 days later. 

Six mice received 3 times the LD, and 
were all alive and growing 30 days later. 
Equivalent amounts of uranium as uranyl 
acetate or nitrate killed all 19 control 
mice in 3 days. In another experiment, 
four of five mice given 3 times the LD,, 
as uranyl protoporphyrin were alive and 


growing after 50 days (see Table 1). His- 
tological studies of livers and kidneys of 
mice sacrificed 40 hours after they had 
received 3 times the LD,, of uranium as 
uranyl protoporphyrin showed no histo- 
logical abnormalities. The control group, 
which received uranyl nitrate, had 
showed livers depleted of glycogen and 
kidneys showing marked tubular destruc- 
tion typical of uranium poisoning. The 
uranium-damaged kidneys were obvi- 
ously larger and paler than the kidneys 
of normal mice or of mice that had re- 
ceived uranyl protoporphyrin. 

It is presumed that uranium as uranyl 
protoporphyrin has a fate in the mouse 
entirely different from uranium as the 
salt. One would expect excretion into 
the feces via the bile—that is, a fate 
similar to that of protoporphyrin (2). 

It has been recognized since 1942 that 
porphyrins concentrate in tumors, in em- 
bryonic tissues, and in inflammatory tis- 
sue of human beings and animals (3). 
Since many metal ions complex with 
porphyrins, it seemed reasonable to ex- 
pect uranyl ion to do so. One might thus 
have a method to localize uranium in 
tumors. Such concentration of uranium 
in tumors is desirable because neutron 
capture by U?%> releases enormous 
amounts of energy over very short ranges 
in the form of fission particles. If fission 
were to take place in a tumor, the tumor 
might then be destroyed. Therapy of 
human tumors with neutrons from an 
atomic reactor is feasible (4). Farr et al. 
have treated glioblastoma patients with 
neutrons following tumor uptake of in- 
travenously administered boron-10 as 
borate. In this reaction, the destructive 
effects are attributable to the alpha par- 
ticles released. Administration of uran- 
ium salts to human beings has been 
found to be too nephrotoxic (5). A non- 
toxic uranium compound that might de- 
posit in neoplastic tissue is therefore of 
interest. 

Studies of the body dynamics of uranyl 
porphyrins in normal and tumor bearing 
animals are in progress. The use of por- 
phyrins to prevent uranium toxicity or 
to decontaminate experimental animals 
is now being investigated. Use of uran- 


Table 1. Survival of mice given equivalent amounts of uranium salts and uranyl proto- 


porphyrin. 
As UO.**+ Uranyl protoporphyrin 
Amount 
of U° Number of mice Time Number of mice Time 
— (day) (day) 
Survived Dead y Survived Dead y 
3 0 6 3 + 1 > 50 
3 6 0 yee 
6 0 6 3 . 
9 0 7 3 7 0 > 30 


* The LD,, is 8 mg of U® per kilogram (intraperitoneal injection). 
+ As acetate or nitrate. This represents approximately 10 mg/kg, a dose far below that lethal for mice 
when these anions are administered as sodium salts (7). 
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ium porphyrins in neutron capture ther- 
apy of human tumors after intravenous 
or local injection might be feasible if 
further uranium porphyrin toxicity stud- 
ies are confirmatory (6). 

Rosert E. Bases 
Department of Radiation Therapy, 
New York University College 
of Medicine, New York, New York 
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Nonphotosynthetic Light 
Requirement in Lemna minor and 
Its Partial Satisfaction by Kinetin 


Gorham (1) was able to grow aseptic 
Lemna minor L. in darkness on minerals, 
sucrose, casein hydrolyzate, and yeast ex- 
tract, but he found that growth was not 
maintained by minerals plus sucrose 
alone. He suggested that normal growth 
involved light-dependent processes other 
than carbohydrate production. This is a 
preliminary report (2) on the nonphoto- 
synthetic light requirement. 

Lemna minor was grown aseptically in 
125-ml erlenmeyer flasks with 50 ml of 
Hutner’s minerals and ethylenediamine 
tetraacetic acid (3), pH 6.3, or Gorham’s 
minerals, plus 1 percent sucrose. Stocks 
kept at 23°C under 16 hours of fluores- 
cent light (400 ft-ca) per day had a 
frond multiplication rate (MR) (1) of 
approximately 140. Experiments were 
started with at least 25 fronds per flask, 
and five flasks were used for each experi- 
mental treatment. Dim green light was 
used for counting and handling in “dark- 
ness.” 

After the plants have remained 5 days 
in darkness at 26°C, the frond multipli- 
cation rate declines to about 10. If a few 
minutes of red fluorescent light (4) are 
given at this time, the frond multiplica- 
tion rate for the next 2 days is greatly 
increased. This effect of red light can be 
reversed by near infrared radiation (4), 
and is thus probably mediated by the 
system active in photoperiodism, deetio- 
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lation, and seed germination (5). In a 
typical experiment (with Gorham’s min- 
erals), 40 kerg/cm? (2 min) of red light 
induced a frond multiplication rate of 
79 over the following 2 days; 2 minutes 
of near infrared radiation immediately 
following the red reduced the rate to 29, 
and the “dark” control rate was 8. 

The frond multiplication rate in dark- 
ness drops again several days after treat- 
ment with light, but the promotion of 
the rate by light can be repeated. Con- 
tinuous nonphotosynthetic growth on su- 
crose and minerals alone has now been 
maintained through five transfers for 
more than 75 days at an average frond 
multiplication rate of about 40 by giving 
10 minutes of light (less than 200 kergs/ 
cm?) every 3 or 4 days. Fronds so pro- 
duced are white and bear very short 
roots. Other experiments (6) indicate 
that the slight growth in darkness im- 
plied by the frond multiplication rate of 
the controls in short-term experiments is 
in fact the result of residual light effects 
and of the green light used under “dark” 
conditions; it is not possible to demon- 
strate an absolute light requirement ex- 
cept over periods of weeks. 

To determine what substances might 
substitute for light in this system, stock 
solutions were added to cultures that 
had been left in darkness for 5 days. 
Fronds were counted just before treat- 
ment and again 2 days after. Although 
the response to light is more rapid with 
Gorham’s medium than with Hutner’s, 
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Fig. 1. Effects of kinetin and of red light 
on growth of L. minor in darkness at 
26°C. Hutner’s medium, pH 6.3, 1 per- 
cent sucrose. Values from two separate 
experiments. All treatments were given 
after 5 days in darkness. Red-light treat- 
ment (dashed line) was approximately 
400 kerg/cm? (20 minutes). Each point 
represents a set of five flasks, with initial 
frond number of at least 140 per set. MR, 
frond multiplication rate. 
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the latter was used because its trace-ele- 
ment levels and pH are more effectively 
buffered. 

Of the substances tried, only kinetin 
(6-furfuryl aminopurine) (Nutritional 
Biochemical Co.) and several related 
compounds produced effects similar to 
that of light. At the optimal level of 
3x 10-°M (0.645 mg/lit), the effect of 
kinetin was equal to that of a saturating 
red light dose, and the effects of kinetin 
and light together were much less than 
additive (Fig. 1). Several kinetin ana- 
logs (7-9) were also tested. The effect 
of 10-°M 6-benzylaminopurine was equal 
to the optimal kinetin effect, and the ef- 
fect of 3x 10-’M_ 6-benzylaminopurine 
was 80 percent of the optimal kinetin 
effect. 6-Benzylthiopurine and 6(2-pyri- 
dylmethyl)-aminopurine gave 70 to 80 
percent of the optimal kinetin effect at 
10-5M, and both were inactive at 10-6 
and 10-7M, 6-Hexylaminopurine and 6- 
hexylthiopurine were inactive at 10-7 
and 10-§M, the former also at 10-5M. 
Adenosine at 10-*M gave about 20 per- 
cent of the optimal kinetin effect, but it 
was inactive at 10-° and 10-°M. Cobalt 
nitrate at 10-*M (tested in Gorham’s 
medium) gave 30 to 50 percent of the 
optimal kinetin effect, but it was inac- 
tive at lower levels. 

The following compounds were com- 
pletely inactive at the indicated molar 
concentrations: arginine, 5x 10-4; 4- 
chlorophenoxyisobutyric acid, 10-5 and 
10-4; cysteine, 10-° and 10-4; gibberellic 
acid (Merck), 10-7, 10-® and 10-5; in- 
doleacetic acid, 10-7, 10-®; and uridine, 
10-5 and 10-4. 

These results are of interest in show- 
ing that low light doses, probably acting 
through the photoperiodic pigment sys- 
tem, can completely substitute for the 
complex organic supplements previously 
required for the heterotrophic growth of 
L. minor. The substitution of kinetin for 
light, at least in short-term experiments, 
confirms the view of Miller (/0) that 
the light and kinetin effects are closely 
related. It seems likely that yeast extract 
in the complex medium cited served as 
a source of kinetin (/7). These results 
also confirm those of the Wisconsin 
group (/0, 11), of DeRopp (/2). and 
of Gorton et al. (13) in showing kinetin 
activity at molar concentrations of about 
10-7 to 10-*. Reports have appeared (7, 
14) of activity at 10-° to 10-2M, but 
without comment on such unusual effec- 
tiveness. An optimum at about 10-9 
has been reported (14) for the same leaf- 
disk system that was found by Miller 
(10) to respond optimally at 10-° to 
10-*M. 

Unlike the leaf-disk test, L. minor is 
more responsive to optimal kinetin and 
6-benzylaminopurine than it is to cobalt. 
This, coupled with the inability of many 
other compounds to promote dark 
growth (see also /) suggests the use of 


L. minor for a rapid kinetin assay more 
sensitive and much more specific (10) 
than the lettuce-seed test (8). Finally, 
since wide differences in the dark growth 
of various species of Lemnaceae have 
been reported (J, 15), this group should 
provide valuable material with which 
to study the relation between light and 
the activity of kinetin and related sub- 
stances. 

S, HittMAn 
Department of Botany, Josiah Willard ~ 
Gibbs Research Laboratory, Yale 
University, New Haven, Connecticut 
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Stratigraphy of the Wisconsin 
Glacial Stage along the 
Northwestern Shore of Lake Erie 


Six-year field investigations and labo- 
ratory studies of Pleistocene deposits 
north of Lake Erie (/) have provided in- 
formation sufficient for preliminary con- 
clusions on the Wisconsin stratigraphy of 
this area. (See Table 1 for the numbers 
of layers mentioned in text.) 

An “early Wisconsin” glacial cover is 
represented by a sandy gray dolomitic 
till (No. 1) at Port Talbot. It is overlain 
by varved clay, also rich in dolomite. 
This glacial substage antedates the clas- 
sical Wisconsin. Instead of using a new 
term, I prefer to apply the term Early 
Wisconsin to this post-Sangamon glacia- 
tion, as has been done already in Ohio 
(2, 3): This subage may correspond to 
the early Wiirm in Europe (4, p. 84.) 

An interstadial interval followed the 
glacial retreat, with water level below 
the present one at first in the Lake Erie 
basin, rising slightly toward the end of 
the interval. Highly dolomitic silt, an 
erosion product of the adjoining till 
area, became deposited ¥ mile. south- 
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west of Port Talbot in shallow lake wa- 
ters. This silt is intercalated by a lens 
of gyttja more than 39,000 radiocarbon 


years old (5). Results of pollen analysis’ 


indicate a tundra vegetation at the be- 
ginning of deposition of the silt, followed 
by forests of jack pine and spruce. Pollen 
spectrum of most of the Port Talbot in- 
terstadial (except for its thermal maxi- 
mum, when pines with large pollen 
grains become abundant) suggests a cool 
climate with long; cold winters. and short, 
but relatively warm, summers, similar to 
the present climatic conditions in the 
Gouin reservoir area in Quebec, lat. 
48.5°N., long. 74°W. (6). 

The Port Talbot interstadial is corre- 
lated with the cool climate peat ball in 
gravels at Amber, Ontario (7), greater 
than 34,000 years old (sample W-194, 
8, p. 486) and with another cool climate 
interstadial deposit in the St. Lawrence 
lowland at St. Pierre, Quebec (9), older 
than 40,000 years (8, p. 485; 10, p. 958). 
If this correlation is correct, the ice sheet 
must have retreated north of Lake On- 
tario and the St. Lawrence River. This 
interval may correspond, at least partly, 
to a similar long and moderately warm 
interstadial in Europe that separated the 
early Wiirm from the main, or middle, 
Wiirm (4, pp. 82-83). 

A readvance of glacier from the north- 
east blocked the outlet (the St. David’s 
gorge?) of Lake Erie across the Niagara 
peninsula, the water level rose, and lacus- 
trine calcareous clay was deposited in the 
proglacial lake. The glacier advanced at 
least as far as the central portion of the 
Lake Erie depression, depositing till No. 
2 along its northern shore. This till is 
thin and discontinuous, and it probably 
represents a short-lived glaciation that 
was soon followed by a retreat or stag- 
nation. 

Fragments of larch wood and spruce 
(11) 24,600 to 28,200 C14 years old (see 
Table 1) have been found in the third 
layer of the lower till at Plum Point, 1 
mile southwest of the Port Talbot inter- 
stadial exposure. Thus evergreen forests 
returned to the Lake Erie area after the 
retreat of glacier II. The end of this non- 
glacial interval occurred at least 14,000 
years after the thermal maximum of the 
Port Talbot interstadial. If the glacial 
advance II that separates these two in- 
terstadials along the north shore of Lake 
Erie was of a short duration, it may re- 
main unnoticed south of the lake. In such 
a case, the Port Talbot and the Plum 
Point interstadials, including the inter- 
vening glaciation II, may be considered 
as a single long interstadial interval far- 
ther south. 

A different conclusion may be drawn 
if this stratigraphic problem is worked 
out from the north. Radiocarbon dates 
in agreement with those of Plum Point 
(24,600 and younger), are found south 
of Lake Erie (3, 12) but nowhere north 
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Table 1. Wisconsin events in southwestern Ontario along Lake Erie. 


and Radiocarbon investigations 
No. of Typical 
glacial deposits Description 
subages and C™ age (yr) 
cover NERS observed and location 
principal events and reference of sample 
IV Main Wisconsin glaciation _Lacustrine clay, 12,660 + 440 (S-25, 16) Evergreen log in a 
Formation of moraines silt, sand, and Lake Arkona or 
during an oscillatory gravel; clayey Whittlesey gravel 
retreat; lacustrine de- upper till (No.4). bar at Ridgetown, 
posits in proglacial lakes. Ont. 
Last glacial advance 
over entire lake basin. 
Retreat of Erie lobe to Lacustrine clay 
the eastern portion of and silt. 
the lake. 
III Formation of buried Sandy lower till 
moraines during the (No. 3); gravel. 
retreat. 
Main glacial advance 
over entire area. 
Nonglacial interval in Evergreen logs in 24,600 + 1600 (L-217B, 5) Spruce wood 
the Lake Erie basin. till No. 3. 28,200 + 1500 (L-185B, 5) Larch wood 
27,500 + 1200 (W-177, 8, (Both samples 


Short-lived glacial 
advance into the Lake 
Erie basin, preceded 
by a proglacial lake. clay. 

Port Talbot interstadial. 

Lake Erie drainage via 
Lake Ontario and St. 
Lawrence River to 
Atlantic Ocean. 


I Early Wisconsin glacial 
subage with a proglacial 
lake during the retreat 
of the glacier. 


Gravelly lower 
till (No. 2); 


Silt; gyttja; silt. 


gravel; lacustrine 


Varved clay; sandy 
lower till (No. 3). 


p. 485) in til! No. 3, 


> 25,000 (S-7, 16) 

>32,000 (W-100, 18) 
> 38,000 (L-185A, 5) 
> 39,000 (L-217A, 5) 


Gyttja at Port 
“Talbot, Ont. 


or northeast of Plum Point. This nega- 
tive evidence suggests (though it does 
not prove) that forests did not readvance 
farther northeast. Apparently the ice 
sheet did not retreat as far north as it 
did during the Port Talbot interstadial. 
Lithologic similarities between the tills 
No. 2 and 3 are also in favor of consid- 
ering the glacial advance II as the be- 
ginning of the main Wisconsin glacia- 
tion. 

A readvance of glacier from the north- 
east along Lake Erie deposited a thick 
layer of sandy gray calcareous till (lower 
till No. 3, generally called the “lower 
till” in previous publications). 

Fabric studies in till No. 3 reveal 
gradual changes of the glacial move- 
ment: first it was from the southeast, 
then from the east northeast, and again 
from the southeast toward the end 
of deposition. The northeast-southwest 
movement has been recorded at widely 
spaced points. Heavy mineral investiga- 
tions (13) suggest this as the principal 
regional flow during the period of glacial 
cover III. This flow disregards the east 
northeast-west southwest trend of the 
Lake Erie and Lake Ontario basins as 
guiding factors, thus possibly correspond- 
ing to the maximum of the Wisconsin 
glaciation. 

A considerable glacial retreat fol- 
lowed, probably as far as the eastern por- 
tion of the lake, and lacustrine clays and 
silts became deposited through the cen- 
tral and western portions of the lake 


basin. Most of them become eroded dur- 
ing the following advance of the Erie 
lobe and were incorporated in the upper 
till (No. 4), making it more clayey than 
No. 3. 

The following Wisconsin glacial ad- 
vance IV that covered the entire Lake 
Erie basin (also in northern Ohio, /4), 
deposited the already mentioned brown 
upper clayey till (No. 4). A great deal 
of the upper till was laid down during 
the retreat of the glacier, while it oscil- 
lated back and forth, forming morainic 
ridges. Lacustrine deposits of the pro- 
glacial lake became intercalated between 
two, or even three, layers of till, where 
the glacier advanced over them. Eleva- 
tions of abandoned shore lines indicate 
that the retreat of the glacier, which de- 
posited the upper till, began during Lake 
Maumee time. Radiocarbon dates of 
samples W-33 and W-71 (15, p. 469), 
L-217B (5), and S-25 (16) suggest that 
the time interval involving deposition of 
the tills Nos. 3 and 4 was less than 11,000 
years. This means that the main Wiscon- 
sin glaciation, including even one con- 
siderable retreat, was of a relatively short 
duration in the central and western 
portion of Lake Erie, if the glacial ad- 
vance II is not included. 

A brief summary on the proposed 
Wisconsin stratigraphy for the area 
studied is given in Table No. 1, with tem- 
porary local terms, until i. is possible to 
correlate the terms beyond any doubt 
with generally accepted units of Wis- 
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consin substages. A possibility is not ex- 
cluded that till of the glacial advance II 
was the basal member of the main gla- 
cial cover III, as it was once assumed 
before (17), with the Plum Point wood 
deriving from the closing time of the 
Port Talbot interstadial interval. 
ALEKsis DREIMANIS 
Department of Geology, University of 
Western Ontario, London. 
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Effect of 3-Amino-1,2,4-triazole 
on §-Aminolevulinic Acid 
Dehydrase Activity 


The conversion of 6-aminolevulinic 
acid to porphobilinogen is catalyzed by 
an enzyme (6-aminolevulinic acid de- 
hydrase) described by Gibson e¢ al. (1) 
and Shemin et al. (2). The activity of 
this enzyme is reduced in the livers of 
tumor-bearing animals; in the livers of 
C57 black mice, it is much lower than it 
is in the livers of other strains and is not 
reduced by a rapidly growing, trans- 
planted tumor (3). These findings paral- 
lel those previously described for hepatic 
catalase (4). This is of particular inter- 
est, for catalase is a porphyrin-containing 
enzyme and 8-aminolevulinic acid dehy- 
drase is involved in porphyrin synthesis. 
There is no evidence at the moment, 
however, that in the livers of tumor-bear- 
ing animals there is a decreased ability 
to synthesize protoporphyrin and hence 
catalase. 
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Table 1. Effect of 3-amino-1,2,4-triazole (AT) on activity of 5-aminolevulinic acid de- 
hydrase in the livers of DBA mice. The mean value for liver in 47 normal DBA male mice 
was 47.4 + 2.6 units (standard deviation). The mean value for liver in six normal DBA 


female mice was 46.7. 


Units (3.15 x 10? umole) of porphobilinogen per hour, per gram 


(wet weight) at various times (hours) after administration of AT 


Item 
1 1% 2 3 8 12 24 32 36 48 
Dose of AT, 1000 mg/kg 
Males 45.2 40.9 35.5 33.0 36.1 37.7 38.8 41.4 
Males 47.3 40.4* 34.5* 32.6 388 296 388 43.1 
Males 47.3 33.4 .38.8 25.8 
Mean 46.6 40.6 34.8 33:0). 34.0. -SB:8.. 
Females 294° 
Females 29.9 29.2 
Females 29.6 29.9 
Mean 29.5 29.4 
Dose of AT, 500 mg/kg 
Males 30.8 
Males 31.2 
Males 31.2 
Mean i 31.1 
Females 47.1 45.3 48.8 $7.8, 44.4 
Females 44.9 45.3 44.5 34.4 41.0 344 36.1 49.7 
Females 41.8 44.9 44.5 41.0 37.9 34.3 49.7 
$5.7 
38.3 
37.4 
Mean 44.6 45.2 45.9 36.1 - 39.7. $1.6: $5.8 47.9 


* These values were obtained from a homogenate of two livers. All other values were obtained from a 


homogenate of one liver. 


Plant growth is inhibited by 3-amino- 
1,2,4-triazole, apparently through inter- 
ference with chlorophyll synthesis (5). 
It was later observed that this compound 
lowered both plant and animal catalase 
(6). In rats it reduced hepatic and renal 
catalase activity levels, but not that of 
red cells, thus producing an effect simi- 
lar to that observed in tumor-bearing 
animals, 

The ability of 3-amino-1,2,4-triazole 
to affect two different porphyrin-contain- 
ing compounds suggests a possible inter- 
ference with porphyrin synthesis or 
inhibition of the activity of these por- 
phyrin-containing compounds. The pres- 
ent study was carried out to determine 
whether the parallel variations of hepatic 
$-aminolevulinic acid dehydrase and 
catalase could be caused by 3-amino- 
1,2,4-triazole. 

DBA mice were injected intraperi- 
toneally with an aqueous solution of 
3-amino-1,2,4-triazole. Hepatic $-amino- 
levulinic acid dehydrase activity was de- 
termined by the method previously de- 
scribed (1). 

Table 1 shows that 3-amino-1,2,4- 
triazole reduces the level of hepatic 
§-aminolevulinic acid dehydrase activity 
within 3 to 4 hours, Thus tumors and 
3-amino-1,2,4-triazole are capable of 
causing a decrease in activity of both 
hepatic 8-aminolevulinic acid dehydrase 
and catalase. 

There are three possible explanations 


for the effect of 3-amino-1,2,4-triazole 
on the two enzymes: (i) the triazole or 
metabolic derivative might react with a 
chemical group common to both en- 
zymes, resulting in inhibition of their ac- 
tivity; (ii) it might also interfere with 
porphyrin synthesis in the liver, resulting 
in a lowered catalase activity level, and 
(iii) it might interfere with a metabolic 
pathway necessary for the synthesis of 
both enzymes, The only exception to the 
parallel variation of these enzymes is 
seen after administration of Sedormid, 
which produces porphyria. Following ad- 
ministration of Sedormid, hepatic cata- 
lase activity decreases (7), whereas 
hepatic 6-aminolevulinic acid dehydrase 
activity increases (1). 

Donatp P. TscHupy 

ANNIE COLLINS 

General Medicine Branch, National 
Cancer Institute, Bethesda, Maryland 
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Rapid Method for Measurement 
of Rate of Sorption of 
DDT by Mud Surfaces 


Malaria control by means of residual 
applications of DDT and related insec- 
ticides to the interior surfaces of homes 
is now an established practice in many 
countries of the world. This method of 
control receives extensive support from 
the World Health Organization as well 
as from agencies of the United States 
Government and other governments. It 
is now well recognized that in those 
areas where mud is the predominant 
building material, residual treatments 
frequently lose their insecticidal activity 
at a rate which may seriously jeopardize 
the malaria control program. When dry 
mud surfaces are treated with DDT or 
related insecticides, the adsorption of 
the insecticide which occurs can result 
in a loss of most of the biological activity 
of the deposit in a relatively short time. 

Bordas, Downs, and Navarro (1), 
Barlow and Hadaway (2), and others 
have made extensive investigations of 
this phenomenon. To date, all measure- 
ments of loss of activity on mud sur- 
faces have been based on _ biological 
methods supplemented with chemical 
analyses. Such methods are time-con- 
suming and difficult to evaluate. 

A rapid method based on the meas- 
urement of the loss of radioactivity of 
mud surfaces dusted with C1*-labeled 
DDT is described in this report. Because 
the C'-labeled compound migrates to a 
depth only slightly beneath the surface, 
the weak beta rays are shielded; thus it 
is possible to follow the loss from the 
surface by measuring the loss in radio- 
activity. This technique lends itself to 
the rapid screening of substances which 
may deter or prevent adsorption. 

Samples of mud for this study were 
obtained from Savannah River deposits, 
Guatemala, and Colorado, The samples 


‘were air-dried, ground in a mortar, and 


passed through a 30-mesh sieve. This 
powder, which was made into a thick 


paste by adding water, was pressed into 


cylindrical molds 24 mm in diameter 
and 6 mm deep. After drying in air for 
several days, the resulting mud cakes 
were removed from the molds. 
One-third of the mud cakes were 
placed. over silica gel in a desiccator; 
another third were kept over sulfuric 
acid solution (specific gravity, 1.35; at- 
mosphere of 47 percent relative humid- 
ity); and the balance were kept over 
sulfuric acid solution (specific gravity, 
1.10; atmosphere of 94 percent relative 
humidity). The cakes were allowed to 
equilibrate in the humidity-controlled 
atmospheres for several days. 
The-powdered DDT used for dusting 
the mud cakes was prepared by mixing 
990 mg of pure p,p’-DDT with 9.8 mg 
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of radioactive p,p’-DDT (specific activ- 
ity 0.48 mc/g). The mixture was made 
homogeneous by adding sufficient CCl, 
to dissolve all the DDT and evaporating 
the solvent. After drying over silica gel, 
the residue was ground to a fine powder 
in a glass mortar. The powdered DDT 
was placed in the bottom of a glass 
tower especially designed and con- 
structed so that dry nitrogen could be 
blown over the powder. The mud cakes 
were placed in the upper part of this 
apparatus. When the nitrogen gas was 
introduced, fine particles of radioactive 
DDT fell on the mud samples. The 
particles were measured under a micro- 
scope and were found to range from 1 
to 25 pw in size, with an average diam- 
eter of 6.2 ». About 1 mg of DDT was 
dusted onto each cake. 

Immediately after dusting, the radio- 
activity of each cake was counted in a 
conventional gas flow counter, and the 
cake was returned to one of the hu- 
midity-controlled desiccators. The cakes 
were recounted at intervals of 1 to 5 
days. Samples were counted from 1 to 3 
minutes, depending on the counting rate, 
and were taken from the desiccators only 
long enough to be counted. In all cases, 
the count was repeated until an agree- 
ment within 3 percent was reached. The 
average initial count was 4220 count/ 
min. 

Within 24 hours, a measurable de- 
crease in radioactivity was observed in 
all samples. The count for samples kept 
in the dry atmosphere dropped sharply, 
with an average loss of 15.2 percent after 
1 day. Samples kept in an atmosphere 
with 47 percent relative humidity had 
an average loss of 7.6 percent for the 
same period, while those kept in the 
high humidity lost an average of only 
4.2 percent. Samples of mud from the 


three sources were observed for approxi- 
mately 2 weeks. The rate of loss was 
about the same for all types of mud 
tested under identical humidity condi- 
tions. The decrease in radioactivity with 
time for a typical series of samples 
(Savannah River mud) is shown graph- 
ically in Fig. 1. Here the effect of hu- 
midity is clearly shown. 

On the tenth day, sample 22, which 
had previously been kept in a dry desic- 
cator, and sample 24, which had been 
kept at 47 percent relative humidity, 
were transferred to the high-humidity 
desiccator. Subsequent measurements of 
these samples showed increased activity. 
This was repeated on many other sam- 
ples with the same result. These obser- 
vations seem to confirm those of Bordas, 
Downs, and Navarro (1) who claim that 
desorption occurs in periods of high hu- 
midity and that insecticidal activity then 
returns to surfaces which have previ- 
ously lost their activity because of ad- 
sorption. 

After the DDT-dusted cakes had stood 
for approximately 30 days, the top layers 
were carefully scraped off, 0.5 mm at a 
time. These scrapings were extracted 
with acetone and analyzed for DDT 
by the Schechter-Haller (4) method. 
Analyses of scrapings from samples 
maintained at 94 percent relative hu- 
midity showed an average of 98.0 per- 
cent of the DDT to be in the first 0.5- 
mm layer; 1.4 percent in the second 0.5- 
mm layer; and 0.6 percent in the third 
0.5-mm layer. In similar analyses of 
scrapings from samples kept at 47 per- 
cent relative humidity, 90.7 percent of 
the DDT was found in the top layer; 
7.1 percent in the second layer; and 2.2 
percent in the third layer. Scrapings 
from samples from the dry desiccator 
averaged 81.9 percent, 15.3 percent, and 
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Fig. 1. Rate of loss of radioactivity. Samples 21 and 22 were held in a dry desiccator; 
samples 23 and 24 were kept at a relative humidity of 47 percent; samples 25 and 26 were 
kept at a relative humidity of 94 percent. On the tenth day samples 22 and 24 were trans- 
ferred to a desiccator with a relative humidity of 94 percent. 
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3.5 percent in the three layers, respec- 
tively. Apparently the maximum pene- 
tration into the mud cakes was only 
slightly more than 1 mm even in a dry 
atmosphere. No DDT was found in lay- 
ers below:a depth of 1.5 mm. 

James W. Mizes* 
GerorcE W. PEARCE 
Communicable Disease Center, 

U.S. Public Health Service, 

Savannah, Georgia 
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Selection of Auxotrophic Bacterial 
Mutants through Diaminopimelic 
Acid or Thymine Deprival 


The significance of unbalanced growth 
as a cause of cell death has been brought 
out by Cohen and Barner (1), who 
worked with a thymine-requiring mu- 
tant of Escherichia coli. When this or- 
ganism was incubated in a culture me- 
dium that lacked thymine, it could not 
form deoxyribonucleic acid but contin- 
ued to synthesize its other cell constitu- 
ents, and, as a result, the viable count 
fell rapidly, Recently, Lederberg (2) 
found that unbalanced growth similarly 
underlies the bactericidal action of peni- 
cillin. When a suitable protective agent 
(such as hypertonic sucrose) was added 
to the growth medium, penicillin no 
longer caused lysis but, instead, led to 
protoplast formation. It could be con- 
cluded from this observation, as from 
the independent biochemical findings of 
Park and Strominger (3), that penicillin 
interferes selectively with bacterial cell- 
wall formation, 

These developments suggested the pos- 
sibility of replacing penicillin in the se- 
lection of auxotrophic mutants of bacte- 
ria. In the penicillin method (4), a mixed 
population is exposed to this drug in 
minimal medium, whereupon the wild- 
type cells grow and are lysed, while 
auxotrophic cells, unable to grow, are 
spared. We now wish to report two modi- 
fications of this procedure which utilize 
a genetic block rather than penicillin to 
make growth fatally unbalanced. 

The first method closely resembles the 
use of penicillin in that it also involves 
the cell wall. The method is based on the 
availability of a mutant (173-25 of the 
W strain of E. coli) that is blocked in 
the synthesis of meso-a,e-diaminopimelic 
acid (DAP) (5). In certain bacterial 


species this compound is a cell constitu- 
ent (6) as well as a precursor of lysine 
(5, 7), and analyses of bacterial frac- 
tions have suggested that its incorpora- 
tion as a constituent may possibly be 
limited to the cell wall (8). This sugges- 
tion is supported by the results of in- 
cubating mutant 173-25 in media that 
contained lysine but no diaminopimelic 
acid: the cells lyse in a medium of or- 
dinary tonicity (9) but form protoplasts 
when 20 percent sucrose is also present 
(10).. Deprival of diaminopimelic acid 
thus results in selective interference with 
cell-wall formation. 

To use this “suicidal” property of mu- 
tant 173-25 in the selection of mutants 
with additional requirements, a proce- 
dure similar to the penicillin method 
(4) was followed. The bacteria were ir- 
radiated with ultraviolet light to about 
1 percent survival. For phenotypic ex- 
pression of the resulting induced muta- 
tions, large inocula were cultivated over- 
night in minimal medium A _ (11/) 
enriched with 10 ug of diaminopimelic 
acid (/2) per milliliter and with 0.2 
percent tryptic casein hydrolysate (Shef- 
field NZ-Case) and 0.2 percent yeast 
extract (Difco). For selection of auxo- 
trophic mutants, the cells were then 
washed and incubated (10° to 107 cells 
per milliliter) for 14 hours at 37°C in 
medium A supplemented with 20 ug of 
L-lysine per milliliter (73). Survivors 
were recovered by plating in the en- 
riched medium described, solidified with 
1.5 percent agar. Mutant colonies were 
recognized by the inability of subinocula 
to grow on minimal medium supple- 
mented with only the compounds re- 
quired by the parental strain (/4). 

The second method involves the met- 
abolic imbalance originally described by 
Cohen and Barner and utilizes the same 
thymine auxotroph (15T-). The proce- 
dure used was the same as that described 
in the preceding paragraph except for 
appropriate changes in the composition 
of the media. Thus, selection was carried 
out in minimal medium A, and all other 
steps were carried out in this medium 
supplemented with thymine (20 ug/ml), 
together with <dther supplements as 
needed. 

In a small-scale experiment, strain 
173-25 yielded mutants with various ad- 
ditional requirements: cystine, methio- 
nine, p-aminobenzoic acid, arginine plus 
uracil, and an unidentified factor, Strain 
15T- yielded offspring with additional 
requirements for arginine, methionine, 
phenylalanine, and a mixture of aro- 
matic metabolites. 

The alternative methods that have 
been described may have advantages, in 
certain circumstances, over the use of 
penicillin. In particular, it is known that 
“thymineless death” can be produced by 


a method that is capable of quite gen- 
eral application: by using a sulfonamide 
antagonist of p-aminobenzoic acid to 
prevent the synthesis of a group of prod- 
ucts of one-carbon metabolism and 
simultaneously providing all these prod- 
ucts except thymine (/, 75). The present 
work (/6) suggests that production of 
thymine deficiency in this way might be 
useful for selecting mutants of organisms 
(such as yeasts) that are susceptible to 
sulfonamides but indifferent to penicil- 
lin. 

The use of penicillin for the selection 
of auxotrophic mutants of bacteria can 
be replaced by taking advantage of the 
fact that a DAP-requiring or a thymine- 
requiring strain is suicidal when it grows 
in media that lack the required com- 
pound (/7). 

NorMan BauMAN 
Bernarp D. Davis* 
Department of Pharmacology, New York 
University College of 
Medicine, New York, and Marine 
Biological Laboratory, Woods Hole, 
Massachusetts 
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Book Reviews 


The Life and Death of Cells. Joseph G. 
Hoffman. Hanover House, Garden 
City, N.Y., 1957. 301 pp. $4.50. 


Here is a biophysicist’s fresh approach 
to the problem of the life and death of 
cells. Among the topics considered are, 
what is life?, living tissue cells, auto- 
mation in cells, organization and flux in 
cells, effect of environment on cells, cell 
division, variations and mistakes (in cell 
division), cancer cells, submicroscopic 
fibers, growth and death as stochastic 
processes, physical forces, and the im- 
portance of death. In many cases the 
problems are discussed with vivid imag- 
ery, particularly with respect to cellular 
movement and underlying molecular 
movements; for example, “There is lit- 
erally a simmering and throbbing of the 
cytoplasm. It appears to be a boiling 
vortex of matter, even though it is 
known to be mostly water.” Or again, in 
connection with the effects of ionizing 
radiations: “There is, however, one 
physical agent which strikes through the 
defences of a cell and can blast it like 
a bolt of lightning.” Staid statements are 
often given zest by calculations and ex- 
trapolations; for instance, “A tissue cell 
may have a voltage across its walls of 
50 millivolts... a rate of change of 
voltage of 50,000 volts per centimeter 

. . across the wall.” 

Among the interesting discussions are 
those on the relationship between mis- 
takes in heredity and the number of 
cell generations intervening between zy- 
gote and adult. The mistakes which oc- 
cur only infrequently are considered to 
be one of the causes of cancer. There is 
also an intriguing chapter on physical 
forces, reactivity, enzyme _ specificity, 
macroscopic force fields, van der Waals 
forces, and Coulombic forces as possi- 
bilities for the explanation of some 
cellular phenomena. The last chapter, 
on death, includes an interesting dis- 
cussion of the template hypothesis of 
duplication of biological units. The 
treatment of cells in tissue culture and 
the problems of cancer appealed to me 
as being especially original and informa- 
tive. 

A few unfortunate slips are found— 
for example, the failure to follow con- 
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vention in capitalizing only generic 
names, not specific names, of animals 
and microbes. Also, a ‘statement like: 
“When a plant or tree makes ten thou- 
sand seeds, it must assume that there 
will be more than barren rocks to greet 
the seeds,’ may raise eyebrows, as will 
the acceptance of the evidence that grain 
from ancient Egyptian tombs will sprout 
on being planted. A person who wants 
authority for various interesting state- 
ments regrets the lack of citations to the 
literature, but the book is apparently in- 
tended for the general reader, not the 
specialist. However, all in all, its merits 
far outweigh its minor deficiencies, and 
Life and Death of Cells should provide 
interesting reading matter for the large 
number of individuals who are intrigued 
by the ways of cells. 

ARTHUR C, GiEsE 
Stanford University 


Algebraic Geometry and Topology. A 
symposium in honor of S. Lefschetz. 
R. H. Fox, D. C. Spencer, A. W. 
Tucker, Eds. Princeton University 
Press, Princeton, N.J., 1957. 408 pp. 
$7.50. 


Algebraic Geometry and Topology is 
a volume dedicated to S. Lefschetz on 
his 70th birthday (3 September 1954) 
by his students and friends. Lefschetz’s 
main contributions to pure mathematics 
lie in the fields of algebraic geometry 
and algebraic topology, which thus be- 
come the subject of this book. One 
would like to add that, in the past 15 
years, Lefschetz has been mainly inter- 
ested in the theory of ordinary differen- 
tial equations and has exerted a consider- 
able influence in its development, al- 
though the subject is not touched on 
here. 

The book starts with articles by W. V. 
D. Hodge and N. E. Steenrod which 
summarize, in a vivid fashion, the essen- 
tial contributions of Lefschetz to alge- 
braic geometry and topology. The re- 
mainder of the book contains 12 papers 
on algebraic geometry (in its broad 
sense) and 11 papers on topology. All 
of these are original papers on current 


developments in the two fields. There is 
also a bibliography of 98 items, covering 
Lefschetz’s mathematical publications, 
which includes several books and sets of 
lecture notes. 

Both Hodge and Steenrod admit the 
benefit they have derived from studying 
Lefschetz’s work. Hodge acknowledges 
his indebtedness for the stimulus to his 
ideas on harmonic integrals, and Steen- 
rod, for a treatment of some cohomology 
operations, known as reduced powers, 
which he introduced. These are cer- 
tainly the best possible tributes to a great 
mathematician, the more so since these 
contributions of Hodge’s and Steenrod’s 
are among the most important in mod- 
ern mathematics. 

The contributed papers cover a wide 
range. It may be of interest to observe 
that many of them have contact with 
some phase of Lefschetz’s work. 

This book will be an indispensable 
piece of mathematical literature. It ap- 
pears at a time when both algebraic 
geometry and topology are in the process 
of a vigorous development. Algebraic 
geometry has extended itself, on the one 
hand, to complex manifolds and differ- 
ential geometry and, on the other hand, 
to abstract algebraic geometry and num- 
ber theory. In recent years, algebraic 
topology has been closely interwoven 
with algebra, particularly with the so- 
called homological algebra. The basic 
problem in mathematics, as in many 
other fields of science, is the relation be- 
tween the discrete and the continuous. 
A topological space is a continuous ob- 
ject, but the algebraic structures associ- 
ated with it, the homology groups, the 
cohomology ring, and so forth, are gen- 
erally discrete. An algebraic variety in 
the complex field has a topological struc- 
ture, but an abstract variety in a finite 
field is basically discrete. We see, in the 
recent development of algebraic geom- 
etry and topology, this interplay of the 
discrete and the continuous on a high 
level. It must be for this reason that the 
field, like the work of Lefschetz himself, 
occupies such a central position in pure 
mathematics. 

S. S. CHERN 
University of Chicago 


Chemical Applications of Spectroscopy. 
vol. IX of Technique of Organic 
Chemistry. W. West, Ed. Interscience, 
New York, 1956. 787 pp. Illus. $15. 


The past decade has witnessed remark- 
able increases in both the importance 
and diversity of applications of spectros- 
copy for the practicing organic chemist. 
Perhaps the most striking development 
has been the creation and almost explo- 
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of radio and microwave spectroscopy. 
The great usefulness of some of the 

newer techniques and the ready avail- 
ability of excellent commercial instru- 
ments has encouraged or induced many 
organic chemists to become part-time 
spectroscopists as well. More often than 
not, however, their background and for- 
mal preparation in spectroscopy have 
been limited. For this reason, a book 
which provides the nonspecialized worker 
with a broad yet reasonably detailed 
survey would meet a distinct need. This 
Chemical Applications of Spectroscopy 
attempts to do. 

The editor, W. West, has contributed 
an introductory survey of molecular 
spectra and a chapter on fluorescence 
and phosphorescence. Microwave and 
radio-frequency spectroscopy is the sub- 
ject of a chapter by Walter Gordy. A. B. 
F. Duncan has contributed a chapter on 
the theory of infrared and Raman spec- 
tra and a section that deals with the 
theory of electronic spectra. A very com- 
prehensive chapter on the application of 
infrared and Raman spectrometry to the 
elucidation of molecular structure has 
been contributed by R. Norman Jones 
and Camille Sandorfy. 

Although issue may be taken with the 
balance among the subjects covered and 
with the approaches adopted by some of 
the authors, there can be no doubt that 
this book contains a sufficient range of 
information to be of some value to prac- 
tically every organic chemist who uses 
spectroscopy as a tool. Among the book’s 
limitations, one of the more prominent 
is the unevenness of the chapters. The 
background required of the reader varies 
quite widely. In some instances, the 
reader is given guidance, perspective, 
and a critical review of current methods 
and applications. In other portions of 
the book, the reader is left adrift in a 
straightforward but heavily mathemati- 
cal exposition which would seem better 
suited to a more specialized text. Despite 
these and related faults, which tend to 
diminish the book’s usefulness to the 
readers for whom it was expressly in- 
tended, it should prove helpful and in- 
formative. 

D. E. Mann 
National Bureau of Standards 


The Importance of Overweight. Hilde 
Bruch, Norton, New York, 1957. 438 
pp. $5.95. 


Hilde Bruch’s new book, The Impor- 


tance of Overweight, is an original and. 


vigorous contribution to the understand- 
ing of this subject. As can be expected 
from her training and experience as a 
psychiatrist, the parts of her book which 


sive growth of the virtually new fields 


deal with analysis of the psychological 
aspects of obesity are immeasurably su- 
perior to her chapters on the physiolog- 
ical side. Bruch was one of the first psy- 
chiatrists to recognize that obesity is not 
simply the result of willful abandonment 
of self-control but that overeating corre- 
sponds to some profound physiological 
or psychological disturbances. She speaks 
of the psychological and emotional as- 
pects of the obesity problem with the 
voice of a compassionate physician and 
a research-minded scientist rather than 
in the dogmatic and intolerant tone that 
is too often associated with the subject. 

However, the subject of obesity has so 
many facets—physiological and_nutri- 
tional as well as psychological—that it 
is unlikely that one person could ever 
write on all of it with steady excellence. 

The chapter on “The cultural frame,” 
which deals with past attitudes of vari- 
ous civilizations toward obesity, is par- 
ticularly entertaining and well illustrates 
how the same condition has been con- 
sidered, at times, an enviable attraction 
and, at other times, a hideous disfigure- 
ment. On the other hand, the develop- 
ment in the next chapter of “What is 
overweight?” is rather cursory. Bruch’s 
concept of a “preferred weight,” “to 
which people seem to cling in such a 
stubborn way,” is unconvincing. Under 
uniform conditions of exposure to food 
and physical activity, and in the absence 
of acute disease or psychological trauma, 
the weight of people does indeed vary 
slowly, but any sudden change in mode 
of life can have rapid effects on weight 
and may never be followed by a return 
to the previous level. 

The chapter on “The case for hered- 
ity” places in their respective interrela- 
tionship the genetic and environmental 
factors; that on “Physical growth in 
obesity” calls attention to some of the 
many problems involved in gaging the 
effect of a relative hyperphagia on 
growth. 

The chapter on “Basic facts on basal 
metabolism,” although it represents a 
recognition on the author’s part of the 
many difficulties that are encountered in 
interpreting respiratory measurements in 
obese individuals, is superficial and con- 
tributes little to clarification of this 
problem. 

The chapter on “Metabolic and regu- 
latory disturbances” attempts to deal 
with some of the recent concepts devel- 
oped, in particular, by T. B. Van Itallie 
and me. Unfortunately, the distinction 
between the two terms metabolic disturb- 
ances and regulatory disturbances does 
not appear to have been clearly under- 


, Stood by the author, and her chapter 


may not be very helpful to students of 
the physiological aspects of obesity. By 
contrast, the series of chapters which 
deal with the psychological aspects of 


obesity is excellent and illustrates well 
the fact that obesity admits of a multiple 
etiology, with regard to psychological as 
well as to physiological factors. As a 
clinical problem obesity can only be 
dealt with when it is realized that the 
many causes of this condition may have 
very little in common except their ulti- 
mate effect. It follows that each case of 
obesity must be dealt with according to 
the characteristics of the individual pa- 
tient. Ready-made general solutions are 
likely to do more harm than good. 

One may regret that Bruch, who was 
among the first to emphasize the impor- 
tance of physical inactivity in the etiol- 
ogy of obesity in children, has not de- 
voted more space to this aspect in her 
book. A chapter specifically devoted to 
a discussion of psychological causes and 
possible remedies for the lack of will- 
ingness to exercise that is evidenced by 
so many obese children would have been 
particularly helpful. 

The book is well printed and edited. 
It has a good bibliography and a useful 
index. It is the first book which seriously 
attempts to deal with the underlying 
causes of obesity since that of Rony ap- 
peared in 1940. It has its place in the 
library of any worker who is concerned 
with this important health problem. 

Jean Mayer 
Harvard University 


Synthetic Polypeptides. Preparation, 
structure, and properties. C. H. Bam- 
ford, A. Elliott, and W. E. Hanby. 
Academic Press, New York, 1956. 445 
pp. Illus. $10. 


There has been phenomenal progress 
in the study of large, synthetic polypep- 
tide molecules in recent years, and prob- 
ably no group of workers has contributed 
more than those associated with the re- 
search laboratory of Courtaulds, Ltd., 
in England. The authors of this mono- 
graph are leading representatives of that 
group, and this survey of the field pre- 
sented by them is naturally an important 
contribution. Their objective, stated in 
the first chapter, is “to present detailed 
evidence about synthetic polypeptides 
which has a bearing on some aspects of 
the structure and behavior of the protein 
molecule.” After this introduction, they 
devote two chapters to the methods of 
synthesis of polypeptides and to the 
mechanisms involved in syntheses, start- 
ing from N-carboxy-a-amino acid an- 
hydrides. 

The following chapter IV deals with 
chain configuration in polypeptides, in- 
cluding the a helix and other helices, the 
pleated sheets, and other configurations. 
Chapters V and VI deal in great detail 
with the infrared spectroscopy of the 
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polypeptides, with strong emphasis on 
the significance of dichroism in polypep- 
tide spectra. Chapters VII, VIII, and 
IX present a detailed discussion of x-ray 
diffraction studies. These chapters on in- 
frared and x-ray studies are particulaily 
significant, as might be expected in view 
of the major contributions of the authors 
and their associates in these fields. Chap- 
ter X discusses the physical properties of 
synthetic polypeptides, with extensive 
tabulations of data. Chapter XI (by S. 
G. Waley) gives a very brief discussion 
of the biological properties of synthetic 
polypeptides. Chapter XII, on fibrous 
proteins, deals only with silk fibroin and 
keratin; the authors refer, in passing, to 
the recent major advances in our under- 
standing of the structure of collagen. 

The book covers the development of 
the field up to approximately the begin- 
ning of 1956. Subsequent progress has 
been so rapid that many very recent con- 
tributions of major importance—includ- 
ing some from the authors of this book 
—could not be included. In particular, 
recent outstanding developments in opti- 
cal-rotation and rotatory dispersion have 
occurred since the book went to press. 
This should be allowed for in judging 
the contents. _ 

Certainly the book is a major contri- 
bution in its field. The authors do an 
admirable job in the presentation of 
work from their own laboratories; for 
others interested in the field, it will be 
of great assistance to have the coordi- 
nated presentation given here, which will 
save much searching in the original lit- 
erature. But it must be added that the 
presentation is definitely one-sided. Al- 
though the list of references is, on the 
whole, comprehensive, the discussion, in 
my judgment, frequently fails to do jus- 
tice to the importance of the work from 
other laboratories. For example, the re- 
cent work of Katchalski, Shalitin, and 
Gehatia (1955) on polymerization kinet- 
ics is dismissed in two brief sentences on 
page 100. Readers who are unfamiliar 
with’ the field would never realize, from 
this, that the work in question gives a 
detailed theoretical analysis of the kinet- 
ics of formation of polypeptides from 
N-carboxy-a-amino acid anhydrides, 
which includes, as special cases, some of 
the treatments given at length in the 
present book. Even this theory is prob- 
ably not general enough to cover all the 
important cases that arise in practice, 
but its importance calls for detailed con- 
sideration in any comprehensive treat- 
ment. A later paper by Katchalski, Ge- 
hatia, and Sela [J. Am. Chem Soc. 77, 
6175 (1955)], which presents a statisti- 
cal analysis of molecular weight distri- 
butions of linear and multichain poly- 
amino acids, is not even mentioned, al- 
though it is certainly a major contribu- 
tion. Other similar examples could be 
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given of important work from other labo- 
ratories which is treated sketchily or not 
at all in this book. Although there is an 
extensive tabulation in chapter X of the 
solubility of synthetic polypeptides in 
various media, very little is said concern- 
ing the properties of the resulting solu- 
tions. There is no discussion, for exam- 
ple, of the extensive studies of acid-base 
equilibria-in solutions of synthetic poly- 
peptides, which have been carried out by 
Katchalski and his associates. 

in view of these criticisms, I cannot 
regard this book as a truly comprehen- 
sive and balanced presentation of the 
present state of research on synthetic 
polypeptides. It contains, however, a very 
admirable survey of a large amount of 
material, with special emphasis on the 
work of the authors and their associates, 
and research workers who are seriously 
interested in the field of synthetic poly- 
peptides will undoubtedly find it indis- 
pensable. 

The make-up of the book is excellent, 
the figures are numerous and clear, and 
there is an extensive and useful index. 

Joun T. Epsaty 
Harvard University. 


A Glossary of Mycology. Walter H. Snell 
and Esther A. Dick. Harvard Univer- 
sity Press, Cambridge, Mass., 1957. 
171 pp.+15 plates. $5. 


A Glossary of Mycology lists and de- 
fines some 6000 terms which are or have 
been in use in mycology. Included are 
the names of antibiotics, pigments, and 
other metabolic products as well as the 
names of structures, adjectives used in 
technical descriptions, and common 
names applied to various fungi. The 
derivations of most of the words are 
given, and the entries are cross-refer- 
enced. In the case of highly specialized 
or restricted terms, a brief reference is 
given to the work in which the word 
was first used or to a source of a more 
extensive definition. The authors have 
remained objective and dispassionate 
lexicographers throughout the book, and 
only in rare instances have they indi- 
cated a preference between synonyms. 

Beginners in systematic mycology will 
appreciate the 15 plates of simple, clear 
figures illustrating various kinds of fruit- 
ing bodies, spores, and other structures. 

Another feature of the book that 
should appeal to systematists in this 
country is that approximate equivalents 
from Ridgway’s Color Standards are 
given for the color terms in the Reper- 
toire de Couleurs. Although these ap- 
proximations are of necessity subjective, 
their inclusion will aid workers who do 
not have access to the latter work. 

Although A Glossary of Mycology is 


less ambitious than Ainsworth and Bis- 
by’s admirable Dictionary of the Fungi 
in that it does not list the scientific 
names of genera and other taxa, it con- 
tains more definitions, and this com- 
pleteness, together with its expanded 
definitions and clear illustrations, makes 
the book useful both for the professional 
scientist and for the serious amateur 
student of the fungi. 

Ropert M. Pace 
Stanford University 


A Manual of Soil Fungi. Joseph C. Gil- 
man. Iowa State College Press, Ames, 
Iowa, rev. ed. 2, 1957. 450 pp. Illus. 
$7.50. 


It has long been known that many 
different kinds of fungi inhabit the soil. 
Most of these are important as the 
agents of decay, others as facultative 
parasites on plants or animals. After it 
was discovered that some of these sapro- 
phytic fungi could be domesticated and 
used by man in the production of drugs 
and other commercially important prod- 
ucts, interest in the inexhaustible reser- 
voir of soil fungi increased enormously. 
Although there were many monographs 
on genera and families some of whose 
members were soil inhabitants, there 
was no single work on soil fungi as a 
whole. It was to fill this urgent need 
that Gilman and Abbott started a sys- 
tematic study of soil fungi in the early 
1920’s. In 1927 the results of their 
studies were published in a 118-page 
paper, A Summary of Soil Fungi, in 
which 61 genera and 242 species of 
fungi were described, 20 of them new. 
The demand for this was so great that 
the supply of copies was soon exhausted. 

The first edition of A Manual of Soil 
Fungi, published in 1945, was a revision 
and extension by Gilman of this early 
paper. The present volume is a revision 
and extension of the 1945 edition. In 
the first edition, 139 genera and 795 
species are described; in this one, 170 
genera and 917 species. As in the first 
edition, the book is mainly a compila- 
tion of the work of others. The manual 
is intended as a tool to assist investi- 
gators in identifying soil fungi. 

The author includes chiefly those 
species of fungi which have been iso- 
lated from soil and cultivated arti- 
ficially. The terrestrial mushrooms and 
many plant and animal pathogens which 
may be soil-borne are excluded, as are 
many wood-decay fungi. The Actino- 
mycetes, Myxomycetes, and Zoopaga- 
ceae are also omitted. More than half 
of the descriptive part of the book is 
devoted to the Fungi Imperfecti, which 
contain many of the commoner and 
more important soil fungi and the ones 
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that are the most difficult to find in the 
literature. One hundred and fifty pages 
are given to the Phycomycetes; a large 
number of these are devoted to the 
Mucorales and based on Zycha’s mono- 
graph, which is in German and is not 
available to many workers. The Asco- 
mycetes are covered in 36 pages, and the 
Basidiomycetes in one. Many of the 
species that are described here are im- 
portant in medicine and industry and 
as the agents of food spoilage. Some 
cause the deterioration of cellulose, 
leather, and other important products. 
Following the descriptive text is a 
list of pertinent literature, with 245 
titles and a glossary of several hundred 
terms. The book is well furnished with 
usable keys for identification, down to 
the species. The descriptions are well 
written, and line drawings illustrating 
the genera, and 13 plates of photomicro- 
graphs, add greatly to the book’s use- 
fulness. 
Joun N. Coucu 
University of North Carolina 


The Study of Plant Communities. An in- 
troduction to plant ecology. Henry J. 
Oosting. Freeman, San _ Francisco. 
Calif., rev. ed. 2, 1956. 440 pp. Illus. 
$6. 


The appearance of a second edition of 
The Study of Plant Communities is a 
matter of great interest to students of 
vegetation and to other ecologists. An 
eminently readable book, suitable for an 
introductory course in synecology (of 
plants), it seems also to be the most satis- 
factory presentation available of much 
of the current thinking of the American 
school of plant ecology. This is one sec- 
ond edition that is definitely not a mere 
reprinting of the earlier edition. It has 
been critically rewritten; the author has 
profited from criticisms of the first edi- 
tion and incorporates freely from the re- 
sults of the present active period of 
thinking and publishing in the field. 

Especially welcome are the full dis- 
cussion and comparison of the mono- 
climax and polyclimax ideas, although 
one could have wished that the treatment 
of polyclimax had been as well integrated 
and sympathetic as that of monoclimax. 
The introduction of the ecosystem con- 
cept is an important innovation, although 
it is touched on much more lightly than 
the publisher’s advertising leads one to 
expect. Also very valuable is the greatly 
expanded bibliography, abundantly re- 
ferred to throughout the text. This suf- 
fers seriously, however, from the usual 
American weakness of completely inade- 
quate inclusion of foreign literature. Only 
seven items in languages other than Eng- 
lish are included, and five of these are 
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classics. It is doubtful that the provincial- 
ism of American natural science and the 
ineptitude with languages of American 
scientists will ever be significantly less- 
ened as long as authors of the most im- 
portant textbooks continue to convey the 
impression that a student can get along 
perfectly well with only a knowledge of 
English. 

Little attention is paid in this book 
to the several European schools of phyto- 
sociology. True, the Braun-Blanquet 
school is mentioned, and certain of its 
concepts and methods of collecting data 
are described. However, its basic philoso- 
phy, its recent development, and its im- 
portant contribution to the plant indica- 
tor concept are not touched on. And, in 
the current passion for objectivity, the 
greatest contribution of Braun-Blanquet 
—the subjective selection of plots—is 
not even mentioned. This amounts to 
a recommendation that the best tool 
available to the phytosociologist, the 
trained human mind, be neglected. How- 
ever, the repeated emphasis elsewhere 
in the book on the importance of good 
judgment suggests that such is not really 
the intention of the author. The fine 
chapter on applied ecology also suggests 
that the author himself has brought to 
his work a first-class intellect and has 
made exceptionally good use of it. 

In general, this volume can be highly 
recommended, both as a textbook for stu- 
dents and as an exposition of the views 
of the American school for other scien- 
tists and foreign professionals. It will not 
meet the philosophic objections of some 
of the critics of the earlier edition, since 
the author’s own philosophy has not 
changed. But the material that is pre- 
sented may actually be more within the 
grasp of the audience for whom it was 
intended in its present form than if the 
approach had been strictly from a hol- 
istic viewpoint. 

F. R. Fosperc 
Falls Church, Virginia 


New Books 


Recent -Advancés in Anaesthesia and 
Analgesia (including oxygen therapy). C. 
Langton Hewer and J. Alfred Lee. Little, 
Brown, Boston, Mass., ed. 8, 1957. 303 pp. 
$8.50. 

One Man’s Life with Barley. The mem- 
ories and observations of Harry V. Harlan. 
Exposition Press, New York, 1957. 223 
pp. $6. 

Theories of Nuclear Moments. R. J. 
Blin-Stoyle. Oxford University Press, Lon- 
don, 1957. 89 pp. $1.40. 

Principles of Immunology. John E. 
Cushing and Dan H. Campbell. McGraw- 
Hill, New York, 1957. 343 pp. $6.50. 

Geologic Field Methods. Julian W. 
Low. Harper, New York, 1957. 504 pp. 
Professional edition, $6; text edition, 
$4.50. 


Hospital Treatment of Alcoholism. A 
comparative, experimental study. Men- 
ninger Clinic monograph ser. No. 11. 
Robert S. Wallerstein and others. Basic 
Books, New York, 1957. 223 pp. $5. 

Visual Methods in Education. W. L. 
Sumner. Philosophical Library, New York, 
ed. 2, 1957. 231 pp. $6. 

The Demand and Supply of Scientific 
Personnel. David M. Bland and George J. 
Stigler. National Bureau of Economic Re- 
search, New York, 1957. 219 pp. $4. 

The Principles of Heredity. Laurence 
H. Snyder and Paul R. David. Heath, Bos- 
ton, Mass., ed. 5, 1957. 518 pp. $6.25. 

The American Teenager. H. H. Rem- 
mers and D. H. Radler. Bobbs-Merrill, 
Indianapolis, Ind., 1957. 267 pp. $3.75. 

Introduction to Electrical Applied Phys- 
ics. N. F. Astbury. Philosophical Library, 
New York, 1957. 252 pp. $10. 

Analytical Microscopy. Its aims and 
methods in relation to foods, water, spices, 
and drugs. T. E. Wallis. Little, Brown, 
Boston, Mass., ed. 2, 1957. 215 pp. $5.50. 

The Biological Action of Growth Sub- 
stances. Symposia of the Society for Ex- 
perimental Biology, No. XI. Academic 
Press, New York, 1957. 351 pp. $9.50. 

The Early Diagnosis and Treatment of 
Acoustic Nerve Tumors. J. Lawrence Pool 
and Arthur A. Pava. Thomas, Springfield, 
Ill., 1957. 169 pp. $5.50. 


Miscellaneous Publications 


(Inquiries concerning these publications should be 
addressed, not to Science, but to the publisher or 
agency sponsoring the publication.) 


Conference on the Role of Gravitation 
in Physics. At the University of North 
Carolina, Chapel Hill, 18-23 January 
1957. WADC Tech. Rept. 57-216. 
ASTIA Document No. AD _ 118180. 
Wright Air Development Center, Wright- 
Patterson Air Force Base, Ohio, 1957 
(order from ASTIA Document Service 
Center, Knott Building, Dayton 2, Ohio). 
155 pp. 

Papers on Reduction Methods for Pho- 
tographic Meteors. Smithsonian Contribu- 
tions to Astrophysics, vol. 1, No. 2. 61 pp. 
Chromospheric Spicules. Sarah L. Lippin- 
cott. Studies of Solar Granulation. Gerard 
Wlérick. Variations in the Thermody- 
namic State of the Chromosphere over 
the Sunspot' Cycle. R. G. Athay, D. H. 
Menzel, F. Q. Orrall. Smithsonian Con- 
tributions to Astrophysics, vol. 2, Nos. 
2-4, -36 pp. Smithsonian Institution, 
Washington, 1957. 

Blueprints in 3-D and Drawing in Mo- 
tion. David Gordon. The Author, 771 
Lindley St., Bridgeport, Conn. 2 pp. 

The Culicine Mosquitoes of the Indo- 
malayan Area. pt. 1, Genus Ficalbia Theo- 
bald. P. F. Mattingly. 61 pp. 15s. New 
Genera and Species of Ethiopian, Masca- 
rene and Australian Reduviidae (Hemip- 
tera-Heteroptera) in the British Museum 
(N.H.), London. Bulletin, Entomology, 
vol. 5, No. 2. 53 pp. 5s. The Sessile Tuni- 
cata. John Murray Expedition 1933-34, 
Scientific Repts., vol. X, No. 4. Patricia 
Kott. 21 pp. 8s. British Museum (Natural 
History), London, 1957. 
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Meetings and Societies 


Biomedical Instrumentation 


Almost 125 scientists and engineers 
from 60 different universities and indus- 
trial institutions gathered at the New 
England Institute for Medical Research 
in Ridgefield, Conn., for a 2-day sym- 
posium on 10-11 June. The symposium 
was entitled “A Conceptual Clinic for 
New Instrumentation for Biology and 
Medicine”) and was designed to present 
to physical scientists and engineers some 
basic biomedical problems for which 
there is no instrumentation or for which 
the existing instrumentation is inade- 
quate. The relative difficulty of com- 
munication between the biomedical and 
the physicoengineering fields has re- 
sulted in a considerable number of gaps, 
which can be filled. This symposium was 
an attempt to help remedy the deficiency 
in communication. Virtually all the bio- 
medical problems which were discussed 
were presented in physical and engineer- 
ing terms. 

Among the speakers were Daniel 
Boroff, Christopher Coates, Richard 
Day, John Fitzgerald, Lewis Fox, Irving 
Friedman, Harold Genvert, John Heller, 
J. Miles O’Brien, Norbert Wiener, and 
Richard Zucker. The problems presented 
were far-ranging. An attempt was made 
to present three aspects of problems in 
instrumentation: those concerned with 
(i) instruments to be used by the prac- 
titioner, (ii) instruments to be used in 
the analytical laboratory, and (iii) in- 
struments for use in the research labo- 
ratory. 

Wiener discussed the instrumentation 
that he is currently using, as well as that 
proposed for further use, for analyzing 
fine structure in alpha rhythm from elec- 
troencephalograms. He indicated that 
the astonishing regularity of \the perio- 
dicity of peaks in the fine structure could 
be a useful tool for further physiologic 
investigation of brain mechanisms and 
drugs. 

Day explored the physical parameters 
in a developing and mature subdural 
hematoma and discussed instrumentation 
for precise localization. He also dis- 
cussed the probable correlation between 
illness in premature infants and the rate 
of fingernail growth. He suggested the 
need for instrumentation which would 
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make it possible to measure the rate of 
fingernail growth within a relatively few 
minutes. Fitzgerald suggested the greater 
need for knowledge about molecules in 
health and disease. He suggested that a 
variety of physical principles might be 
used in order to substitute physical meth- 
ods for chemical methods of analysis in 
a variety of body fluids. Such techniques 
could result in a quantum jump in the 
speed, delicacy, accuracy, and range of 
possible chemical determinations. 

Fox requested instrumentation which 
might accurately measure the degree 
and direction of the impact of one tooth 
on another, because of the probable in- 
terrelationship between malocclusion and 
periodontal disease. Friedman requested 
a method which would obviate the use 
of x-ray in the determination of pel- 
vimetry in order that both the fetus and 
the ovaries of the pregnant woman 
might be spared from radiation in so far 
as is possible. 

Genvert explored some of the areas 
in surgery where instrumentation that 
is more than a half-century old might 
be replaced with more modern and effec- 
tive instrumentation. Heller explored a 
variety of physical parameters which 
might be used in developing instruments 
to measure various determinants in phys- 
ical diagnoses, such as differential den- 
sity, swelling, tumors, cavitation, and 
cyst formation. 

O’Brien suggested the design of a de- 
vice which would effectively induce tran- 
sient force fields in nonmagnetic foreign 
bodies in the eye,so that these could be 
removed in a manner similar to the 
magnetic removal of ferrous foreign 
bodies. He also explored the use of a 
moderate-voltage, high-amperage, linear 
accelerator for ophthalmic tumors. 
Coates demonstrated some of the bio- 
electric parameters manifested by elec- 
tric eels, including their ability to locate 
foreign bodies under water by what ap- 
pear to be electrical means. 

The session culminated with a variety 
of suggestions about ways to increase the 
interchange of physical and engineering 
knowledge with individuals in the bio- 
medical field in order to capitalize fur- 
ther on this knowledge in designing new 
instrumentation. 

This symposium was cosponsored by 


the New England Institute for Medical 
Research and the Foundation for Instru- 
mentation Education and Research. 
Joun H. 
New England Institute for Medical 
Research, Ridgefield, Connecticut 


Society Elections 


®™ Genetics Society of Canada: pres., T. 
J. Arnason, University of Saskatchewan, 
Saskatoon, Sask.; v. pres., C. J. Bishop, 
Experimental Farm, Kentville, N.S.; 
sec.-treas., A. Wilkes, Science Service 
Building, Carling Ave., Ottawa, Ont., 
Canada. 


Society of Nuclear Medicine: pres., 
Marshall Brucer, Oak Ridge, Tenn.; 
pres. elect, Henry L. Jaffee, Los Angeles, 
Calif.; v. pres., Franz Bauer, Los Angeles, 
Calif.; v. pres. elect, Dwight E. Clark, 
Chicago, Ill.; sec., Robert W. Lackey, 
452 Metropolitan Building, Denver 2, 
Colo.; treas., Lindon Seed, Chicago, III. 


American Society of Ichthyologists: 
pres., Edward H. Taylor, University of 
Kansas; v. pres. for finance, John C. 
Marr, California State Fisheries Labo- 
ratory; v. pres. for conservation, Boyd 
Walker, University of California at Los 
Angeles; v. pres. for membership, James 
Kezer, Oregon State College; sec., Roger 
Conant, Philadelphia Zoological Society; 
treas., James Bohlke, Philadelphia Acad- 
emy of Science; publications sec., N. 


Bayard Green, Marshall College. 


® Cook Inlet Branch, AAAS Alaska Divi- 
sion: Roger R. Robinson, Bureau of 
Land Management; v. pres., H. P. Gaza- 
way, Alaska Agricultural Experiment 
Station; sec.-treas., Clarissa Allen, Arctic 
Health Research Center. 


Forthcoming Events 


August 


25-27. Pacific Division-AAAS, annual, 
in conjunction with American Inst. of 
Biological Sciences, Stanford, Calif. (R. 
C. Miller, California Academy of Sci- 
ences, Golden Gate Park, San Francisco, 
Calif.) 

25-28. American Farm Economic As- 
soc., natl., Asheville, N.C. (L. S. Hardin, 
Dept. of Agricultural Economics, Purdue 
Univ., Lafayette, Ind.) 

25-29. American Institute of Biological 
Sciences, annual, Stanford, Calif. (H. T. 
Cox, AIBS, 2000 P St., NW, Washington 
6. 

26-28. Gas Dynamics Symp., 2nd, 
Evanston, Ill. (A. B. Cambel; Techno- 
logical Inst., Northwestern Univ., Evans- 
ton.) 

26-29. Boundary Layer Research, in- 
ternatl. symp., Freiburg, Breisgau, Ger- 
many. (H. Gértler, Mathematisches In- 
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stitut der Universitat, Hebelstrasse 40 
Freiburg, Breisgau. ) 

26-29. Mathematical Assoc. of America, 
38th summer, University Park, Pa. (H. 
M. Gehman, Univ. of Buffalo, Buffalo 14, 
N.Y.) 

26-30. American Mathematical Soc. 
62nd summer, University Park, Pa. (J. H. 
Curtiss, AMS, 190 Hope St., Providence 
6, R.I.) 

26-30. Infrared Spectroscopy Inst., 8th 
annual, Nashville, Tenn. (N. Fuson, In- 
frared Spectroscopy Inst., Fisk Univ., 
Nashville 8.} 

26-31. Low Temperature Physics and 
Chemistry, 5th internatl. conf,, Madison, 
Wis. (J. R. Dillinger, Dept. of Physics, 
Univ. of Wisconsin, Madison 6.) 

27. Society for Industrial and Applied 
Mathematics, summer, University Park, 
Pa. (D. L. Thomsen, Jr., 807 Enquirer 
Bldg., Cincinnati 2, Ohio.) 

27-29. American Sociological Soc., an- 
nual, Washington, D.C. (Mrs. M. W. 


Riley, ASS, New York Univ., Washington 
Sq., New York 3.) 

27-30. Biological Photographic Assoc., 
27th annual, Rochester, Minn. (S. J. Mc- 
Comb, Section of Photography, Mayo 
Clinic, Rochester. ) 

28-30. American Inst. of Electrical En- 
gineers, Pacific general, Pasco, Wash. (N. 
S. Hibshman, AIBE, 33 W. 39 St., New 
York 18.) 

28-30. American Inst. of Electrical En- 
symp., East Lansing, Mich. (H. J. Noe- 
bels, IGC Symp., Instrument Soc... of 
America, 313 Sixth Ave., Pittsburgh, Pa.) 

28-31. Soil Conservation Soc. of 
America, annual, Asilomar, Calif. (H. W. 
Pritchard, 838 Fifth Ave., Des Moines 14, 
Iowa. ) 

28-3. Cell Biology, 9th internatl. cong., 
St. Andrews, Scotland. (H. G. Callan, 
Dept. of National History, Bell Pettigrew 
Museum, The University, St. Andrews.) 

29-30. Computers and Data Processing, 
4th annual symp., Denver, Colo. (J. M. 


the Right-A- Weigh pays its way 


“That is what I hear from many 

of my customers. In some of the other 
laboratories they like the 

Ainsworth Right-A-Weigh so much 
they don’t care whether or not it 
pays for itself. 


“There is no question about the 

fact that the ene pan, substitution- 
weighing Right-A-Weigh is fast, 
accurate, easy to use, easy to read... 
and saves a lot of time for chemists 
and technicians. 


“These advantages plus the ‘little 
things that count’...sapphire 
bearings, built-in Brunton Metal 
Class S Weights, compensated beams, 
are type beam arrestment, 

slideout side panels, good optics... 
explain the fast growing popularity 
of the Right-A-Weigh balance.” 


‘ 
Just call your laboratory supp 
© Salesman...he can give you more 
Information about Ainsworth’ 
. proved and improved balances 
anid weights,.. 


On 


“2151 LAWRENCE STREET + DENVE 


Cavenah, Denver Research Inst., Univ. of 
Denver, Denver 10.) 

29-30. Econometric Soc., European 
meeting, Luxemburg, Duchy of Luxem- 
burg. (Econometric Soc., Box 1264, Yale 
Station, New Haven, Conn.) 

29-31. Group Psychotherapy, 2nd inter- 
natl. cong., Zurich, Switzerland. (S. Le- 
bovici, 3, Avenue President Wilson, Paris 
16°, France. ) 

29-2. European Orthodontic Soc., an- 
nual, Geneva, Switzerland. (E. Fernex, 
1, Place du Port, Geneva.) 

29-3. International Geographical Cong., 
Tokyo, Japan. (W. W. Atwood, Jr., Na- 
tional Acad. of Sciences, 2101 Constitu- 
tion Ave., Washington 25.) 

30-5. American Psychological Assoc., 
annual, New York, N.Y. (R. W. Russell, 
APA, 1333 16 St., NW, Washington 6.) 

31-2. Astronomical League, annual, 
Kansas City, Mo. (Mrs. W. A. Cherup, 4 
Klopfer, Pittsburgh 9, Pa.) 

31-3, Psychometric Soc., annual, New 
York, N.Y. (P. DuBois, Dept. of Psychol- 
ogy, Washington Univ., St. Louis, Mo.) 


September 


1-6. Laurentian Hormone  Conf., 
AAAS, Mont Tremblant, Quebec, Can- 
ada. (G. Pincus, LHC, 222 Maple Ave., 
Shrewsbury, Mass. ) 

1-7. Psychiatry, 2nd world cong., Zu- 
rich, Switzerland. (J. Wyrsch, Tottikon, 
Stans, Nidwald, Switzerland. ) 

1-16. Aeronautical Conf., 6th internatl., 
London and Folkestone, Kent, England. 
(S. P. Johnston, Inst. of Aeronautical 
Sciences, 2 E. 64 St., New York 21.) 

2-5. American Physiological Soc., Iowa 
City, Iowa. (M. O. Lee, 9650 Wisconsin 
Ave., Washington 14.) 

2-5. Passivity, internatl. symp., Darm- 
stadt, Germany. (German Bunsen Gesell- 
schaft, Postfach 11, Duisburg, Germany. ) 

2-6. Operational Research, internatl. 
conf., Oxford, England. (T. Page, 7100 
Connecticut Ave., Chevy Chase, Md.) 

2-16. Carbon-14 Dating, 3rd internat. 
conf., in conjunction with INQUA, Ma- 
drid-Barcelona, Spain. (M. Rubin, U.S. 
Geological Survey, Washington 25.) 

2-16. International Assoc. on Quarter- 
nary Research, 5th internatl. cong., Ma- 
drid-Barcelona, Spain. (M. L. Solé Sa- 
baris, Instituto Geoldgico, Universidad, 
Barcelona.) - 

3-4, Meteoritical Soc., 20th annual, Los 
Angeles, Calif. (J. A. Russell, 3518 Uni- 
versity Ave., Los Angeles 7.) 

3-6. Calorimetry Conf., 12th, Went- 
worth-by-the-Sea, N.H. (H. A. Boorse, 
Pupin Physics Lab., Columbia Univ., New 
York, N.Y.) 

3-6. Matrix Computations Conf., De- 
troit, Mich. (W. Givens, Dept. of Mathe- 
matics, Wayne State Univ., Detroit 2, 
Mich. ) 

3-14, International Union of Geodesy 
and Geophysics, 11th general assembly, 
Toronto, Ont.; Canada. (J. A. Jacobs, 49 
St. George St., Toronto.) 

4-5. Society of General Physiologists, 
annual, Woods Hole, Mass. (A. ; 
Shanes, National Institutes of Health, 
Bethesda 14, Md.) Aes 


(See issue of 19 July for comprehensive list) 
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Things don’t stick to a 


coated surface 


Water... dirt... blood . . . stains . . . or any liquid 
are repelled by a SILICLAD coated surface. 


SILICLAD is a water soluble silicone concentrate that 
can be used on glass, ceramics, metal, rubber and 
plastic materials. 

A quick dip in a 1% water solution leaves a tough, 
liquid-repellent coating of silicone on the glass or 
ceramic surface. A water rinse completes the job... no 
baking necessary. 

SILICLAD-treated objects are easier to clean .. . and 
scratch and abrasion-resistant. Breakage and chipping 
of expensive glassware pieces are reduced. 

Surfaces drain completely when SILICLAD coated ... 
no more clinging drops of liquid. 

Try SILICLAD yourself on flasks, beakers, graduates, 
stoppers, burettes, pipettes, bottles, catheters, tubing, 
blood apparatus . . . and be convinced. SILICLAD is 
non-toxic, non-irritating, long-lasting. 

4 ounces of SILICLAD concentrate (makes up to 25 
pints of working solution) $3.50 

1 dozen 4-ounce bottles $36 


Available at your local supply dealer 


CLAY-ADAMS, INC., New York 10 


GLASS ABSORPTION 
CELLS = "ty" 


KLETT 


Makers of Complete Electrophoresus Apparatus 


SCIENTIFIC APPARATUS 
Klett-Summerson Photoelectric Colorimeters— 
Colorimeters — Nephelometers — Fluorimeters— 
Bio-Colorimeters — Comparators — Glass Stand- 
ards—Klett Reagents. 


Klett Manufacturing Co. 
179 East 87 Street, New York, New York 


TEMPERATURE 
CONTROLLED 


WATER BATH SHAKER 


Model 2156 


RESEARCH SPECIALTIES CO. presents its 
Model 2156 Water Bath Shaker, a variable speed 
reciprocating mechanism with a thermostatically 
controlled heated water bath. Engineered to pro- 
vide many years of reliable, efficient, trouble- 
free service, the Water Bath Shaker was designed 
especially for use in the biological laboratory. 


Standard interchangeable trays are provided in 
several styles to accommodate different sizes of 
flasks in the reciprocating rack. Racks are 
easily removable and are adjustable. 


NEW DESIGN 
RELIABLE 
ADJUSTABLE 
EFFICIENT SERVICE 
LOW MAINTENANCE 


UNIFORM 
TEMPERATURE 
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WRITE FOR BULLETIN 2156 


RESEARCH SPECIALTIES CO 


Berkeley 7, Calif. 


2005 Hopkins St. 
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EQUIPMENT NEWS 


The information reported here is ob- 
tained from manufacturers and from 
other sources considered to be reliable. 
Science does not assume responsibility 
for the accuracy of the information. All 
inquiries concerning items listed should 
be addressed to Science, Room 740, 11 
W. 42 St., New York 36, N.Y. Include 
the name(s) of the manufacturer(s) and 
the department number(s). 


SAND AND DUST CHAMBER provides a 
controlled composition and density level 
and sand and dust for testing. Relative 
humidity is automatically maintained 
below 30 percent. Temperature is main- 
tained constant at either 25° or 70°C. 
(Tenney Engineering Inc., Dept. S430) 


™ X-RAY VIEWER increases readability of 
x-ray pictures through contrast enhance- 
ment and color TV techniques. Areas 
of equal optical contrast are displayed 
in the same color, while variations in 
density are distinguished by variations in 
color. The range of the photograph to 
be viewed is converted to a sequence of 
electric signals by a cathode-ray, flying- 
spot scanner. The signal is amplified 
and subjected to electronic contrast en- 
hancement. The amplified signal is next 


fed through a color monitor where the 
picture is reproduced in color, The 
image can also be converted from nega- 
tive to positive by electronic means. 


(Philco Corp., Dept. S439) 


™ SPHYGMOGRAPH SYSTEM uses a conden- 
ser microphone to detect pulse waves 
and sounds and ‘records them on an 
electrocardiograph recorder. Simulta- 
neously recorded are occluding cuff pres- 
sures, which are converted into electric 
signals by a mercury manometer that 
contains accurately placed platinum elec- 
trodes. (Medical Electronics Develop- 
ment Co., Dept. S455) 


HIGH-TEMPERATURE ACCELEROMETER 
provides an output of 8 mv/grav in am- 
bient temperatures up to 500°F. The 
associated cathode follower and Teflon- 
insulated, noise-treated cable can also 
be used in 500°F ambient temperature; 
this permits them to be placed near the 
accelerometer. Acceleration range is 0.25 
to 1000 grav. (Endevco Corporation, 
Dept. S465) 


® SEISMOGRAPH, manufactured by Hilger 
and Watts, Ltd., is of portable design. 
The instrument records for 24 hr at 60 
mm/min. The seismometer elements are 


pioneers speedlight research 
for science, medicine and industry 


CASE HISTORY 107 


CASE HISTORY 109 


ascorlig 


403 Continuous Light 
porters permits use of the 
same flash tube both as nd 
continuous, 
viewing light and as a high- 
powered instantaneous 
flash for the photographic 
exposure. The M403 also 
enables 

work as it may be —— 

to flash repetitively from . 
to 120 flashes per 
is also ideally suited A 
phase contrast and is 
with standard Ascor lig 

units and power supplies. 


Only ascor 
_acomplete line 
_ of speedilights 


for Photomicrography an 


/ CASE HISTORY 108 


ht M403 Continuous Light Adapter 


d Macrophotography 


tion note .-- 
M403 Adapte 
your individual 


American Speedlight Corporation 


63-01 METROPOLITAN AVENUE. 
MIDDLE VILLAGE 79, N. Y. 


of the moving coil type with permanent 
magnetic field. The natural period is | 
sec in both vertical and horizontal posi- 
tions. The unit is sealed in a metal case 
to permit burying in open ground. 
Ground movements on the order of 1077 
cm can be detected. The recorder, of the 
photographic drum type, can accommo- 
date three seismometers. (Jarrell-Ash 
Co., Dept. S456) 


™ LEAK DETECTOR is a halogen-sensitive 
instrument that will detect a vacuum 
system leak of 2 in.'/year. The system 
to be inspected is connected to the in- 
strument and evacuated to a pressure of 
80 to 200 uw. The outside is then blank- 
eted with Freon-12 as a tracer gas. This 
is followed by probing with a fine gas- 
stream probe to pinpoint an indicated 
leak. (NRC Equipment Corp., Dept. 
S438) 


SELF-BALANCING POTENTIOMETRIC RE- 
CORDER measures current or voltage in 
40 ranges. Nine chart speeds, from 4 to 
12 in./min, are standard, with provision 
for optional 1-to-5 multiplication or 10- 
to-1 reduction. Eleven ranges from 1.25 
to 1250 are selectably direct reading in 
millivolts, milliamperes, or microam- 
peres: Higher voltage ranges are provided 
through a divider. Accuracy is + 0.1 per- 
cent or +20 wv, whichever is greater, 
and speed is 1.8 sec full scale on standard 
instruments. Chart width is 250 mm. 
Chart motion at 20 ft/min is provided 
for scanning in either direction. (E. H. 
Sargent and Co., Dept. $459) 


INTRAHEART MICROPHONE, designed to 
be passed through an artery or vein into 
any part of the heart, measures 0.05 in. 
in diameter by 0.75 in. long. The micro- 
phone is inserted into the tip of a stand- 
ard cardiac catheter and connects by 
cable to an oscilloscope. Blood pressure 
is also measured by a diaphragm in the 
catheter tip and is displayed simulta- 
neously. (Gulton Industries Inc., Dept. 
S453) 


"CONTACT MIGRORADIOGRAPHY INSTRU- 
MENT forms an image by bringing the 
specimen into close contact with a photo- 
graphic plate. The photographic x-ray 
image is in turn magnified and photo- 
graphed with a light microscope. Useful 
magnification of 500 is obtainable. Very 
soft x-radiation is obtained from a tube 
provided with an extremely thin beryl- 
lium radiation window and operating at 
5 kv or lower. (Philips Electronics Inc., 
Dept. S461) 


@ AMPLIFIER provides either differential 
or single-ended output. The instrument is 
entirely transistorized. Direct-current am- 
plification is provided without choppers 
or carriers. Drift is less than 3 uv over 
a 2-hour period. Frequency response is 
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constant within 1 db from direct current 
to 20 kcy/sec. Input impedance is 0.5 
Mohm. Units measure 3! by 6 by 12 in. 
(Video Instruments Co., Inc., Dept. 
$431) ; 


™ MICROMICROAMMETER covers six dec- 
ades, from 10718 to 10-7 amp, on a single 
scale. Response time is less than 2 sec 
to 90 percent of currents larger than 
10-1? amp with 5000 wf across the input. 
Zero drift is within 0.5 decade in 8 hr. 
Accuracy is +0.2 decade. A 216-v tap 
for polarizing ion chambers is provided, 
as well as a 6-v output, proportional to 
input, for driving recorders. (Keithley 
Instruments, Inc., Dept. S460) 


™ COIL TURN COUNTER measures the num- 
ber of turns on coils wound on nonmag- 
netic forms. Models are available for 
ranges up to 0 to 61,000 turns. Accuracy 
is said to be better than +0.1 percent. 
The instrument reads directly in number 
of turns. (Sunshine Scientific Instrument 
Co., Dept. S508) 


™ BIOLOGICAL STAINS and related products 
are described in a 52-page catalog sup- 
plement. Stains in crystalline and in 
solution form are listed, as well as his- 
tological and histochemical reagents, 
(Hartman-Leddon Co., Dept. S486) 


JosHuA STERN 
National Bureau of Standards 


retrigerated centrifuge 


The Model LR features a new design refrigeration systen 
which employs air circulation through side aad 
bottom cooling areas to provide a continuous laminar 
flow of cool air streams onto all portions of the rotor 
Chamber temperatures may be set as low as —15 C and 
automatically maintained within «1 C. Rotor compart 
ment temperatures: are easily maintained at 0 C and 
lower, even during runs at maximum speed for extended 
periods. 

Instrumentation includes a continuous reading electric 
tachometer, two hour timer, automatic temperature con- 
troller, variable speed controller, ammeter for rotor accele- 
ration control and various operating safety controls. 

A full 1 Hp. Universal motor provides direct power to 
any rotor employed, without the use of cumbersome high 
speed attachments, pulleys or gears. All rotors are inter 
changeably used in both refrigerated non-refri ed 
Lourdes’ centrifuges without the use of special 

More compact and competitively priced, the Model LR 
offers highest quality constru¢tion, maximum operating 
efficiency and unsurpassed performance. 


Backed by over a decade of laboratory 

instrument manufacturing experience, 

each LOURDES’ unit is guaranteed for 
a period of one year. 


NOTE: Adapters available fo ler tubes 


LOURDES instrument CORP. 


53rd STREET and Ist AVENUE ® BROOKLYN 32, N. Y. 


WRITE FOR 
LITERATURE. 
REFER TO S-77b 


LARGEST MANUFA 


TURER OF SUPER-SPEED CENTRIFUGES 


now available 


the intact animal.” 


Radiol. Soc. 1956 


ow 


for research purposes 


6 -aminonicotinamide 


Rated the most potent known nicotinamide 
antagonist’ 6-aminonicotinamide is once again 
in adequate supply through our laboratories. Its 
activity undoubtedly stems from its ability to 
form the corresponding analogue of DPN in 


6-Aminonicotinamide has been of particular in- 
terest in cancer research, and its marked carci- 
nostatic activity has recently been reported.*:*'* 


W. J. Johnson and J. D. McColl, Science 122: 834, 1955 
W. J. Johnson and J. D. McColl, Fed. Proc. 15: 284, 1956 
D. M. Shapiro and M. M. Kligerman, Proc. No. Am.: 


S. L. Halliday, et al, Fed. Proc. 16: 190, 1957 


. J. D. McColl, W. B. Rice and V. M. Adamkiewicz, Can. 
}: Biochem. & Physiol., In Press, 1957 


for further information, write to: 


DR. W. J. JOHNSON, 
RESEARCH LABORATORIES, 
FRANK W. HORNER LIMITED, 
5485 FERRIER STREET, 
MONTREAL, CANADA 


Single and Double 
MIRROR-MONOCHROMATORS 


with exchangeable prisms for the 
visible, ultraviolet, infrared from 
200 millimicrons to 20 microns 


Write for Bulletin +980 to 


PHOTOVOLT CORP. 


95 Madison Ave. New York 16, N. Y. 
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Freehold, NJ. 


NOW AVAILABLE 


COLLAGENASE 


Prepared by the method of 


MacLennan, Mandl, and Howes 


J. Clin. Invest., 32, 1319 (1953) 


for information write 


WORTHINGTON 


1955 


pp., 1955 


1954 


AAAS SYMPOSIUM VOLUMES 


"x 9”, illustrated, clothbound 
Alcoholism, 220 pp., 1957 
Tranquilizing Drugs, 205 pp., 1957 
Venoms, 480 pp., 1956 
The Future of Arid Lands, 464 pp., 1956 
Water for Industry, 140 pp., 1956 
Psychopharmacology, 175 pp., 1956 
The Luminescence of Biological Systems, 466 pp., 


Advances in Experimental Caries Research, 246 


Antimetabolites and Cancer, 318 pp., 1955 
Monomolecular Layers, 215 pp., 1954 
Fluoridation as a Public Health emacs 240 pp., 


Sex in Microorganisms, 362 pp., 1954 
The Present State of Physics, 271 pp., 1954 . 
Astronomical Photoelectric 147 PP» 


Soviet Science, 128 pp., 1953 
Industrial Science, 160 pp., paperbound, 1952 ... 

72” x 102”, double column, illustrated, clothbound 
Centennial, 319 pp., 1950 5.00 
The Rickettsial Diseases of Man, 255 pp., 1948 .. 6.25 
Mammary Tumors in Mice, 231 pp., 1945 


AAAS, 


1515 Mass. Ave., NW, Washington 5, D.C. 


PERSONNEL PLACEMENT 


CLASSIFIED: 18¢ per word, minimum 
charge $3.60, Use of Box Number 
counts as 10 additional words. 
COPY for classified ads must reach 
SCIENCE 2 weeks before date of issue 
(Friday of every week) 
DISPLAY: Rates listed below — no 
charge for Box Number. Monthly 
invoices will be sent on a charge 
account basis — provided that satis- 
factory credit is established. 


Single insertion $22.00 per inch 
13 times in 1 year 21.00 per inch 
26 times in 1 year 20.00 per inch 
52 times in 1 year 19.00 per inch 


For By gw ads, copy must 
reach S before date 
of (Friday of ary week). 


Replies to blind ads should be addressed 
as follows: 
(give number) 

i 
“Massachusetts Ave., NW 
Washington 5, D. 


iil POstTt0Ns WANTED 


Biochemist; Ph.D.; 7 years’ experience in re- 
search and teaching in physiology and pharma- 
cology. rain = or industrial position. 
Box 230, SCIENCE. n 


Clinical Chemist; M.S. biochemistry ; 5 years of 
clinical experience, including organization and 
supervision of hospital laboratory. Box 223, 
SCIENCE. x, 


Ecologist, M.S. in botany and anthropology ; 
10 years of research, teaching administrative ex- 
perience. Archaeology, human ecology, and nat- 
ural history background; publications. Desires 
teaching/research sition, university or mu- 
seum. Box 222, SCIENCE, 
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WANTED jill 


Cytologist-Cytochemist. Completing require- 
ments for Ph.D. at large northeastern univer- 
sity. Background in botany. Desires teaching 
and/or research position. Box 233, SCIENCE, 


Organic Chemist, Ph.D.; 6 years’ university 
teaching; 7 years, director department, phar- 
maceutical company. Medical Bureau, Burneice 
Larson, Director, 900 North Michigan Avenue, 
Chicago. 


Zoologist. Ph.D., endocrinology, 39. Desires po- 
sition with teaching and/or research, Interests: 
endocrinology, general physiology, histology, 
and pathology; 9 years’ experience in inde- 
pendent research with seaching secondary. Pub- 
lications. Box 234, SCIENCE. 8/2 


Postrt0Ns OPEN ill 


RESEARCH in — 
Electrochemistry 
Inorganic Chemistry 

An expanding program of exploratory 
and applied research related to the chlor- 
alkali field offers unusual opportunities 


for qualified personnel. Training equiva- 
lent to the doctoral level in electrochem- 


istry, physical chemistry, or inorganic 
chemistry is desired. Industrial experi- 
ence is not essential. The positions pro- 
vide a challenge to men of creative abil- 
ity to exercise a high degree of individ- 
ual initiative and responsibility. Sen 
résumé to 


Industrial Relations Department 
Hooker Electrochemical Co. 
Niagara Falls, New York 


POStTtONS OPEN |i 


Bacteriologist to head division of bacteriology 
and serology in 450-bed hospital. Training in 
medical bacteriolo ~ preferred. Salary depends 
on experience and degree. Apply to Director 
of Laboratories, Good Samaritan Hospital, 
Dayton 6, Ohio. 8/2, 9 
Biochemist. M.S. or Ph.D. for full-time research 
in medical research laboratory. Apply to Direc- 
tor of Research, Midwest Medical Research 
Foundation, 3241 Victor Place, Wichita 8, 
<ansas. 8/2 


Chemist. Teaching position in 
try, organic-biochemistry wit! 

search opportuinty. Salary ($5500 $7500) 
and title depending upon qualifications and ex- 
perience. Position is on a 10-month basis. Inter- 
view requested. Write details of training and 
experience to F. Reese Nevin, Chairman, De- 
partment of Science and Mathematics, State 

ork, 


(a) Clinical Chemist, Ph.D.; qualified to su- 
pervise department; ample opportunity for re- 
search; department well staffed, well equipped; 
250-bed general hospital; New ‘England; $9500. 
(b) Neurophysiologist or Physiological Psychol- 
ogist interested in career in audition research ; 
preferably Ph.D.; new laboratory; university 
affiliation; long-range research program; West. 
(c) Organic Chemist to direct new department, 
pharmaceutical company; young man, Ph. 
well versed in theoretical chemistry; medica 
school city, Midwest. (d) Biochemist well qual- 
ified in toxicology to serve as assistant director, 
department of industrial toxicology; East. (e) 
Clinical Physiologist, preferably one whose 
background has been in respiratory physiology ; 
.D. or Ph.D.; university medical center; 
West. S7-3 Medical Bureau, Burneice Larson, 
Director, 900 North Michigan, Chicago. x 


Clinical Chemist, with hospital experience pre- 
ferred, for 450-bed hospital. Salary in range of 
$5000 and dependent on degree and experience. 
Apply to Director of Laboratories, Good Sa- 
maritan Hospital, Dayton 6, Ohio. 8/2, 9 
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POStT10NS OPEN |i 


Director, diagnostic and research tuberculosis 
laboratory, central Florida, physician or non-. 
microbiologist or clinical chemist. 
art-time employment will be considered. Write 
Dr. Albert V. Hardy, Director, Bureau of Lab- 
oratories, State Board of Health, P.O. Box 210, 
Jacksonville, Florida. uc 


Microbiologist. To head laboratory in Surgical 
Research Department. Dual appointment—Sur- 
gery and seerhewigy Rank and salary depend 
on qualifications. xperience with clostridial 
toxins needed. Address Department of Surgery, 
Louisiana State University, School of Medicine, 
New Orleans, La. 7/26; 8/2, 9 


Physical or Photo Chemist needed by medical 
research foundation presently engaged in re- 
search work in biologics and ultraviolet. Will be 
trained to assist and aid in supervision of in- 
vestigational programs. Excellent, unusual op- 
portunity available. Box 219, SCIENCE. 

7/19, 26; 8/2 


POSITIONS OPEN 


| 


Faculty Appointments (professors) ; interesting, 
challenging opportunity for qualified Ph.D.’s or 
M.D.’s to establish, develop anatomy, biochem- 
istry, pathology, "and pharmacology depart- 
ments; Far Eastern postgraduate basic science 
institute affiliated important American medical 
school;’ 2-- to 3-year contract, placement for 
coming academic year; salaries comparable sim- 
ilar rank American universities, plus 20 percent 
overseas differential; transpoftation to and from 
area for self, family, and household effects, 
housing furnished ; recommended ee 
Woodward Medical Bureau, 185 North Wa- 

bash, Chicago. x 


Plant Physiologist, Ph.D., to work as member 
of a team on problems of soil moisture relations 
of crop plants. A full-time research position 
with government agency. Location at outstand- 
ing state college in Southeast with complete re- 
search facilities. College staff status. Entrance 
salary from $5440 to $7570, devending upon 
postdoctoral experience and qualifications. Ex- 
perience and/or training in the work area is 
desirable. Write to Box 221, ee 
8/2, 9 


POSTTIONS OPEN 


Supervising Hospital Biochemist for a clinical 
chemistry laboratory of a large university hospi- 
tal affiliated with a medical college; also teach- 
ing opportunity. Broad experience is required. 
Salary range, $7047 to $7830. Liberal personnel 
policies. Please address your communication in- 
dicating your background and experience to the 
Administration Office, Cincinnati General Hos- 
pital, 3231 Boreet Avenue, Cincinnati 29, Ohio. 
6/21, 28; 7/5, 12, 19, 26; 8/2 


SCIENCE TEACHERS, LIBRARIANS, AD- 
MINISTRATORS urgently needed for Sep- 
tember positions in many states and many for- 
eign lands. No fees. Apply direct. Also study 
awards. Rush $1 for complete job data, salaries. 
CRUSADE, SCI, Box 99, Station G, Brooklyn 
22, N.Y. EW TF 


Research Assistant with B.S. and/or a M.S. in 
psychiatry. For experimental animal work in 
areas of learning, motivation and anxiety. Box 
224, SCIENCE. 8 


BOOKS + SERVICES + SUPPLIES - 


—The MARKET PLACE 


EQUIPMENT 


DISPLAY: Rates listed below — no 
cha for Box Number. Monthly 
invoices — be sent on a char; 

provided that satis- 
factory credit is established. 


Single insertion $22.00 per inch 


13 times in 1 year 21.00 per inch 
26 times in 1 year 20.00 per inch 
52 times int.year 19.00 per inch 


PROOFS on displa' must 
reach SCI ENCE re date 
of Tia (Friday ot ov 


{iil BOOKS AND MAGAZINES |i 


WANTED TO 
PURCHAS: 


E.,, | Sets and runs, foreign 


SCIENTIFIC and domestic. Entire 
rears | ibraries and smaller 
KS collections wanted. 


WALTER |}. INC. 
111 Fifth Avenue, New York 3, New York 


Your sets and files of 
scientific journals 


and institutional cus- 


Boston 19, Massachuse 


{lll PROFESSIONAL SERVICES 
LABORATORY SERVICES 


for the FOOD, FEED, DRUG and 
CHEMICAL INDUSTRIES 
Analyses, Biological Evaluation, 
Toxicity Studies, insecticide Testing 
and Screening, Flavor Evaluation. 


Project Research and Consultation 


Write for Price Schedule 
P. ©. Box 2217 * Madison 1, Wis. 


FOOD RESEARCH LABORATORIES INC. 
our 55% YEAR 


RESEARCH 


ANALYSES CONSULTATION 

 HOLOGICAL, NUTRITIONAL AND TOXICOLOGICAL STUDIES 
FOR THE FOOD, DRUG AND ALLIED INDUSTRIES 

48-146 33rd STREET, LONG ISLAND CITY 1, WAY. 

‘Western Office—9331 VENICE BOULEV. VER CITY, CALIF. 
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|| PROFESSIONAL SERVICES || 


[SUPPLIES AND EQUIPMENT 


TO AUTHORS 


seeking a publisher 


Learn how we can publish, promote and distribute your 
book “on a professional, dignified basis. All subjects con- 
sidered. Scholarly and scientific works a specialty. Many 
successes, one a best seller. Write for booklet SC—it’s free. 
VANTAGE PRESS Inc. @ 120 W. 31 St., N.Y. 1 
In Calif.: 6253 Hollywood Blud., Hollywood 28 
In Wash., D.C.: 1010 Vermont Ave., NW 


SUPPLIES AND EQUIPMENT 


“777 ABORATORY 


Gne of complete tine of labora- 
tory-tested PALO Stirrers. Inex- 
thoroughly reliable, 
laboratory 


Write for Bulletin X-1. 


PALO LABORATORY SUPPLIES. Inc. 


Reade St.. New 


LOVINS MICRO-SLIDE FIELD FINDER 
Now available directly from 
the manefacterer . 


LOVING MICRO-SUDE 
FIELD FINDER 
Me. 201080180 


CATALOS 


Ww. 8. 6uRLev 
‘TROY. 


Write for details, W. & L. E. Gurley, Troy, N.Y. | 


e * “From the hand of 
albino rats). 
to ch” 


of the 
istar Strains 


HENRY L. FOSTER, D.V.M. 
President and Director 


THE CHARLES RIVER BREEDING LABS. 
Dept. B, ston, Mass. 


MEVALONIC 14 
ACID 
and other tagged compounds 
of HIGH RADIOPURITY 
ISOTOPES “courany INC. 
703 S. Main St. Burbank, Calif. 


POLARIMETER TUBES & 
ACCESSORIES 
for GENERAL, SEMI-MICRO 
& MICRO POLARIMETRY HIGH 
TEMPERATURE, CONTINUOUS 
FLOW G INVERSION TESTS 
Write for List PT-14 
0. C. RUDOLPH & SONS 
Manufacturers of Optical Research & | 


Control Instruments 
P.O. BOX 446 CALDWELL, N. J. 


e HYPOPHYSECTOMIZED RATS 


Shi to all points via Air Express 
‘or further information 
ete ASSAY LABORATORIES, Inc. 
8159 South Spaulding Ave., 29, 


MICROSCOPES 
SCIENTIFIC INSTRUMENTS 
NEW AND USED 
WE BUY, SELL & TRADE 
Write us what you need and what you 
want to dispose of. 
ay TECHNICAL INSTRUMENT CO. 

22 Golden Gate Ave., San Francisco 2, Calif. 


OLD PROBLEM NEW SERVICE 


MICROTOME 


»Precision Edge Laboratory 
* 1425 Madison Ave., 
* New York 29, N.Y. 


Knife Sharpening 


$1.00 per inch « 
Fast Service« 
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APPLICATION FOR HOTEL RESERVATIONS 
124th AAAS MEETING 
Indianapolis, December 26-30, 1957 


The list of hotels and their rates and the reservation coupon below are for your convenience in making your 
hotel room reservation in Indianapolis. Please send your application, not to any hotel directly, but to the AAAS 
Housing Bureau in Indianapolis and thereby avoid delay and confusion. (Exception: Members of the American 
Astronomical Society who wish reservations at the Marott Hotel, 2625 North Meridian Street, are asked to corre- 
spond directly with that hotel.) The experienced Housing Bureau will make assignments promptly; a confirmation 
will be sent you in two weeks or less. 

As in any city, single-bedded rooms may become scarce; double rooms for single occupancy cost more; 
for a lower rate, share a twin-bedded room with a colleague. Most hotels will place comfortable rollaway beds 
in rooms or suites at 2.50 to 3.00 per night. Mail your application now to secure your first choice of desired accom- 
modations. All requests for reservations must give a definite date and estimated hour of arrival, and also probable 
date of departure. 


AMERICAN ASSOCIATION FOR THE ADVANCEMENT OF SCIENCE 
Rates for Rooms with Bath | 


All hotels have sessions in their public rooms. For a list of headquarters of each participating society and section, please 
see Science, July 19, or The Scientific Monthly for August. 


Hotel Single Double Bed Twin Bed Suite 


Antlers $4.50—10.00 $7.00—12.00 $10.50-12.00 $14.50-19.50 
Claypool 7.00-10.00 9.50-14.00 10.50-14.00 13.50-34.00 
Continental 8.00-10.00 8.00-12.00 8.00-12.00 12.00-15.00 
Marott 7.00-14.50 9.00-14.50 10.00-17.50 14.50 and up 
Severin 6.00— 9.00 8.50-12.50 11.00-15.00 25.00 
Sheraton-Lincoln 6.50—11.50 9.85-15.00 13.35-16.00 24.35 and up 
Warren 6.50—10.50 8.50—12.50 12.00-13.00 25.00-35.00 
Washington 5.50—10.00 7.09—-11.00 11.50-16.00 18.00-45.00 


AAAS Housing Bureau 
Indianapolis 4, Ind. 


Please reserve the following accommodations for the 124th Meeting of the AAAS in Indianapolis, Dec. 26-30, 1957: 

TYPE OF ACCOMMODATION DESIRED } 

Double-Bedded Room ........ Rate: Maximum Rate’ Number in party 
Twin-Bedded Room .......... a. Maximum Rate. 


Desired Rate ............. Maximum Rate ............. Sharing this room will be: 
(Attach list if this space is insufficient. The name and address of each person, including yourself, must be listed.) 


| 
| 
THIS IS YOUR HOUSING RESERVATION COUPON 
Suite 
ae (These must be indicated—add approximate hour, a.m. or p.m.) 
NAME 
= ndividual requesting reservation) (Please print or type) F 
aes (Street) (City and Zone) , (State) 
= A Mail this now to the Housing Bureau. Rooms will be assigned and confirmed in order of receipt of reservation. 
] * 182 : SCIENCE, VOL. 126 
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yn This is our standard large size kymograph, in which lowered along a column which is coaxial with the drum 
we have embodied many improvements suggested by Dr. shaft. As many as four support arms may be mounted on 
2s Walton. It is substantially built and may be relied upon this column. (One arm is normally included with each 
5 to give long service. kymograph. ) 
i= The characteristics required in research or classroom Paper belt lengths up to approximately 275 cm. may 
le demonstrations are featured in this kymograph. A com- be used. 
bination of five gear shifts and a variable transformer 
Universal series motor makes available speed ranges of : ' 
“4 nine thousand, to one. The approximate maximum speed _— Price——The complete Kymograph as illustrated and de- 


Walton 
Kymograph 


is 400 cm. per minute and the minimum .045 per minute. 
Any speed within this range may be selected. 


The drum is made of laminated bakelite tubing and is 
64 cm. in circumference, 30.5 cm. high. 


A support arm for mounting instrument support rods 
is provided. This arm pivots on and may be raised and 


scribed for 115 volts, 60 cycles A.C. 


PHIPPS ABIRDB, ine. 


Manufacturers & Distributors of Scientific Equipment 
6th & Byrd Streets - Richmond, Va. 


WiLL 1956 Ecktion of 
CHART OF THE ATOMS 


281888 


Edition. With formed-metal chart molding Many students want their personal copy of 
a at top and bottom, with eyelets for x, e780 the key booklet for further study and re- 
Eac’ view. Teachers often make the study of the 
a ieeaA. CHART OF THE ATOMS. 1556 key a class project or the subject of spe- 
: Edition, on Spring Roller. Mounted on a cial reports. 
spring roller within a metal case, suitable 
rag re wall mounting, and includ- ae ig .00. Per Dozen, $9.00. Lot of 100, 
pod ey booklet. Each, $15.00 $65.00. 


4% az’ Tis r li 


4854. eee OF THE — 1956 4838. KKY, ror Chart of the Atoms. 


As revised by William F. Meggers 
of the U.S. Bureau of Standards 


LITHOGRAPHED IN 


Atomic Name and Symbol Isotopes 
Atomic Number Lowest Spectral Term of 
Atomic Diameter Normal State | 

Atomic Weight Mass-Energy Equivalent 
Boiling Point Melting Point 


a iZ rig Configuration of Atom Nuclear Composition Ba 
ensity eriods ows 
Pes 288 _ | Electron Shell Groups Quantum States of Valencell 
Electropositiveness Radioactive Atoms 
| Elementary Particles Specific Heat 
6 | End-Atom Cubic Structure State (Solid, Liquid, Gas) 
7 | Sroup (Column or Family) Valence Tonic) 
Tonization Potentia oung’s Modulus 


W. M. WELCH SCIENTIFIC COMPANY @ 

DIVISION OF W. M. WELCH MANUFACTURING COMPANY a 
ESTABLISHED 1880 —————————- 

1515 Sedgwick Street, Dept. E, Chicago 10, Illinois, U.S.A. 

Manatacturers of Seientifie Instruments and Laboratory Apparates i 
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For reliable low range incubations. . . 


improved 


REFRIGERATED 
INCUBATOR 


This constant temperature refrigerator is designed for 
incubation at any temperature in the range from 5° C. to 50°C. 
with variations not exceeding 1° C. in any part of the incubator. 
It meets the standard methods requirements for the bacterial 
anaylsis of water and dairy products and the dissolved oxygen 
(DO) and biochemical oxygen demand (BOD) in water, sewage, 

sewage effluent and industrial wastes. 
The temperature control knob, pilot light 


und the Temperature is controlled from outside the refrigerator by setting 

front and can be easily reached without the convenient dial indicator on the door. Exact inside temperature 

opening the door. is shown on the easy-to-read thermometer. A pilot light shows 
when the heater is in operation. 


No. 46043 Cenco Refrigerated Incuba- 
tor, 115 v. 60¢y., AC,  $47'500 The entire unit is extremely well built, thoroughly insulated and 


equipped with a highly efficient heating unit. It is porcelain- 

: enameled throughout and will hold 120 BOD bottles of 190-ml size 

: For full details, or 105 bottles of 300-ml size. Additional storage space is provided 
write for Circular No. 1267. by racks on the door. 


s s 
Central Scientific Company 
scientific | 1718-M IRVING PARK ROAD, CHICAGO 13, ILLINOIS 
oratory supplies in the world 
BRANCHES AND OFFICES—CHICAGO NEWARK BOSTON BIRMINGHAM DETROIT 
SANTA CLARA ¢ LOS ANGELES « REFINERY SUPPLY COMPANY—TULSA » HOUSTON 
CENTRAL SCIENTIFIC CO. OF CANADA, LTD.—TORONTO » MONTREAL « VANCOUVER « OTTAWA 
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